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Foreword

The Federal Cigarette Labeling and Advertising Act of 1965 (Pub-
lic Law 89-92) requires that the Secretary of Health, Education, and
Welfare submit regular reports to the Congress on the health conse-
quences of smoking, together with any legislative recommendations
he may wish to malke. <

This 1967 Surgeon General’s Report was pref)'ared to provide the
Secretary and the public with a review of the research findings which
have taken place in smoking and health in the approximately 314 years
which have elapsed since the Surgeon General’s Advisory Committee
issued its monumental 1964 report. Part I of this document was in-
cluded as part of the Secretary’s 1967 Report which he sent to Congress
in July 1967. Part II, which provides detailed discussions of the re-
lationship of smoking to specific diseases, is issued here for the first
time. :

The 1967 report represents a review of more than 2,000 research
studies published since the 1964 report. These additional studies con-
firm and strengthen the conclusion of the Surgeon General’s Advisory
Committee that: “Cigarette smoking is a health hazard of sufficient
importance in the United States to warrant appropriate remedial
action.”

In a separate section of this report, acknowledgments have been
made for the help of numerous scientists both within and outside the
Public Health Service, who participated in the preparation of this
report. These include the 10 distinguished scientists who made up the
Surgeon General’s 1964 Advisory Committee, all of whom were kind
enough to review part I of the 1967 report before its publication. A
special word of thanks is due Leonard M. Schuman, M.D., one of the
1964 committee members, who advised the staff in the final editing of

the entire document.

SURGEON GENERAL.
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PART 1

Current Information on the
Health Consequences of
Smoking



Introduction

In January 1964, an Advisory Committee appointed by the Surgeon
General of the Public Health Service issued its report (75) on the
relationship between smoking and health.* The conclusions of that
Committee were summed up in the sentence: “Cigarette smoking is a
health hazard of sufficient importance in the United States to warrant
appropriate remedial action.”

In the 314 years since the publication of that report, an unprece-
dented amount of pertinent research has been completed, continued,
or initiated in this country and abroad under the sponsorship of
governments, universities, industry groups, and other entities. This
research has been reviewed and no evidence has been revealed which
brings into question the conclusions of the 1964 report. On the con-
trary, the research studies published since 1964 have strengthened
those conclusions and have extended in some important respects our
knowledge of the health consequences of smoking.

The present state of knowledge of these health consequences can,
in the judgment vof the Public Health Service, be summarized as
follows:

1. Cigarette smokers have substantially higher rates of death
and disability than their nonsmoking counterparts in the popu-
lation. This means that cigarette smokers tend to die at earlier
ages and experience more days of disability than comparable
nonsmokers.

2. A substantial portion of earlier deaths and excess disability
would not have occurred if those affected had never smoked.

3. If it were not for cigarette smoking, practically none of the
earlier deaths from lung cancer would have occurred; nor a sub-
stantial portion of the earlier deaths from chronic bronchopul-
monary diseases (commonly diagnosed as chronic bronchitis or
pulmonary emphysema or both); nor a portion of the earlier
deaths of cardiovascular origin. Excess disability from chronic
pulmonary and cardiovascular diseases would also be less.

*“Smoking and Health. Report of the Advisory Committee to the Surgeon
General of the Public Health Service.” It is frequently referred to in this manu-
script as “the Surgeon General’s 1964 Report.”



4. Cessation or appreciable reduction of cigarette smoking
could delay or avert a substantial portion of deaths which occur
from lung cancer, a substantial portion of the earlier deaths and
excess disability from chronic bronchopulmonary diseases, and a
portion of the earlier deaths and excess disability of cardiovas-
cular origin.

NATURE OF RECENT RESEARCH FINDINGS

Since the Surgeon General’s Report was published in January 1964,
there has been a proliferation of additional studies and reports on
smoking research. In the 12 years preceding that report, some 3,000
articles were published reporting research; since 1964, there have been
more than 2,000 additional studies.

These studies have helped to clarify the role that age plays in the
relationship of smoking to health; the similarities and differences in
the ways in which men and women are affected by smoking ; and the
influences and effects of stopping smoking, particularly in the case of
lung cancer where there is significant data to show that sharp reduc-
tions in lung cancer deaths follow closely reductions: in cigarette
smoking. The studies also suggest the importance of a variety of
measures of exposure; add substantial new information on the magni-
tude of the morbidity problem associated with smoking; and provide
more adequate data upon which to base estimates of the magnitude
of the mortality problem.

Historically, concern about the effects of smoking began with ob-
servations of the extremely high frequency with which lung cancer
patients were identified as cigarette smokers. These observations took
on a fuller meaning with the first publication of the prospective studies
in 1954 when higher overall death rates among cigarette smokers
were identified. The rates were found to exceed the difference that
could be accounted for by lung cancer alone. Until that time, the
possibility remained that although more cigarette smokers appeared to
suffer from lung cancer, if there were no significant excess overall
mortality, some other cause or causes of mortality would have had to
be underrepresented among cigarette smokers.

The Surgeon General’s 1964 Report concluded that cigarette smokers
do have higher death rates than their nonsmoking counterparts. This
has changed the emphasis of the present problem away from the ques-
tion “does cigarette smoking cause disease?” to the more precise
questionsof :

1. How much mortality and excess disability are associated with
smoking ?



2. How much of this early mortality and excess disability would
not have occurred if people had not taken up cigarette smoking?

3. How much of this early mortality and excess disability
could be averted by the cessation or reduction of cigarette
smoking?

4. What are the biomechanisms whereby these effects take place
and what are the critical factors in these mechanisms?

To answer these questions one must not only study the details of
the relationship of overall mortality with cigarette smoking, one must
also turn to the specific causes of death and disability and to other
kinds of evidence.

The research carried on since 1964 is of three principal varieties:
Epidemiological studies, especially those which involve surveys of
large portions of the population; a health survey which has revealed
new information about the relation between smoking and illness; and
a vast amount of experimental, clinical, pathological, and behavioral
research which adds to the understanding of the precise ways in which
smoking affects the body, plus other closely related or peripheral
information. )

In the area of morbidity or illness, the primary addition to our
knowledge is from “Cigarette Smoking and Health Characteristics,”
a report (16) of the National Center for Health Statistics on the
frequency of illness among smokers and nonsmokers in a large proba-
bility sample of the U.S. populatlon Regarding epidemiological dsta,
new reports from four of the major population studies have been
published since 1964 :

1. The Dorn study of smoking and mortality among U.S. vet-
erans (13).

2. Hammond’s study on smoking in relation to the death rates
of 1 million men and women in 25 States (11).

3. The Doll and Hill study on the mortality of British physi-
cians in relation to smoking (8,9, 10).

4. A Canadian Smoking and Health Study of Canadian pen-
sioners, including veterans and dependents (7).

The principal features of the additional data provided by these
four studies are: (1) The extension of the time period of followup,
(2) the additional data available for specific age groups among men,
and (3) the inclusion of substantial data on women. In all, the pro-
spective study reports now available are based on more than 108,000
deaths, an increase of about 43,000 deaths over the 65,023 summarized

in the 1964 report. About 19,000 of these additional deaths were among
women.



THE NATURE OF THIS REPORT

This report which provides a summary of current information on the
health consequences of smoking, is based on the review of the research
reports which have become available since the study of the Surgeon
General’s Advisory Committee was released. Public Health Service
staff members consulted the literature and requested additional infor-
mation or interpretations of the published data from the research
scientists when needed. During this review a complete bibliography,
containing some 5,700 citations, was compiled; it is now in manu-
seript form and will be published shortly (19). '

The advice and comments of experts within the Public Health Serv-
ice, particularly the Bureau of Disease Prevention and Environmental
Control and the National Institutes of Health, as well as of specialists
outside the Public Health Service, were solicited especially on matters
involving judgment and evaluation. :

The general criteria used by the Surgeon General’s Committee hav
been followed. First, epidemiological data were evaluated to determine
whether an association exists. In judging the significance of the as-
sociation, its consistency, strength, specificity, temporal relationship,
and coherence were utilized. The convergence of evidence from animal
experiments, clinical and autopsy studies, and population studies re-
mains the essential basis for evaluation of the significance of the
associations identified.

This report presents, under the following headings, the major find-
ings of research studies published in the past 3 to 4 years:

1. Smoking and Overall Mortality.
. Smoking and Overall Morbidity.
3. Smoking and Cardiovascular Diseases.
4. Smoking and Chronic Bronchopulmonary Diseases (Non-neo-
plastic).
5. Smoking and Cancer.
6. Other Conditions and Research Areas.

Each of these sections is introduced by pertinent conclusions from
the Surgeon General’s 1964 Report, which are followed by discussion
and conclusions of the present study.



Smoking and Overall Mortality

CoNcLUSIONS OF THE SURGEON GENERAL’S 1964 REPORT

CIGARETTE smoking is associated with a 70-percent increase in
the age-specific death rates of males, and to a lesser extent with in-
creased death rates of females. The total number of excess deaths
causally related to cigarette smoking in the U.S. population cannot
be accurately estimated. In view of the continuing an mounting evi-
dence from many sources, it is the judgment of the Committee that
cigarette smoking contributes substantially to mortality from certain
specific diseases and to the overall death rate.

In general, the greater the number of cigarettes smoked daily, the
higher the death rate. For men who smoke fewer than 10 cigarettes
a day, according to the seven ;{ll;ospective studies, the death rate from
all causes is about 40 percent higher than for nonsmokers. For those
who smoke from 10 to 19 cigarettes a day, it is about 70 percent higher
than for nonsmokers; for those who smoke 20 to 39 a dI::ey, 90 percent
higher; and for those who smoke 40 or more, it is 120 percent higher.

igarette smokers who stopped smoking before enrolling in the
seven studies have a death rate about 40 percent higher than non-
smokers, as against 70 percent higher for current cigarette smokers.
Men who began smoki.nﬁ before age 20 have a substantially higher
death rate than those who began after age 25. Compared with non-
smokers, the mortality risk of cigarette smokers, after adjustments for
differences in age, increases with duration of smoking (number of
years), and is higher in those who stopped after age 55 than for those
who stopped at an earlier age.

In two studies which recorded the degree of inhalation, the mortality
ratio for a given amount of smoking was greater for inhalers than for
noninhalers.

The ratio of death rates of smokers to that of nonsmokers is hiﬁest
at :11119 earlier ages (40-50) represented in these studies, and declines
with inc .

Possible rela.t?ggships of death rates to other forms of tobacco use
were also investigated * * *. The death rates for men smoking less
than 5 cigars a day are about the same as for nonsmokers. For men
smoking more than 5 cigars daily, death rates are slightly higher.
There is some indication that these fxigher death rates occur primaril
In men who have been smoking more than 30 years and who inhalye
the smoke to some d . The death rates for pipe smokers are little
if at all higher than for nonsmokers, even for men who smoke 10 or
3nz)ore pipefuls a day and for men who have smoked pipes more than

years.

271-394 0—67T——2 7



CURRENT INFORMATION, 1967

The primary addition to knowledge in the areas of smoking and
overall mortality comes from the four major population studies. Ad-
ditional periods of followup have provided a broader base from which
it becomes possible to estimate the excess deaths related to cigarette
smoking in the U.S. population and from which firmer conclusions
may be drawn as to the role of various exposure factors in the associa-
tions found.

The contributions since 1964 of each of the four population studies
to the relation of smoking and overall mortality, as summarized by the
authors, are set forth below.

Stopy or U.S. VETERANS

(An 814 year followup of 293,658 persons holding U.S. Government
life insurance policies. Commonly referred to as the Dorn Study after
the late Dr. Harold F. Dorn. The most recent report is by Kahn (13).)

“* * * the increased mortality risk associated with cigarette smok-
ing was found to be higher in the more recent calendar time period
than in the initial years of the study.

“% * * mortality ratios of current cigarette smokers compared with
those who have never smoked are 1.7 for death from all causes, 10.9
for lung cancer, 12.2 for emphysema without bronchitis, and 1.6 for
coronary heart disease. Paralysis agitans was the only cause of death
associated with significantly lower mortality for smokers than for
nonsmokers.

“For all categories of current smokers, risk was related to amount
smoked. The risk for cigarette smokers was much greater than that for
pipe or cigar smokers. Current smokers of cigarettes, cigars, or pipes
experienced a mortality risk significantly greater than that for non-
smokers if they smoked more than four pipes or four cigars daily or
more than an occasional cigarette.

“There was a positive relationship between duration of clgarette
smoking and mortality risk from all causes of death for at least some
classifications of smokers.

“* * * probabilities of death for ex-smokers of cigarettes revealed a
downward trend in risk as duration of time discontinued increased,
when other variables—age began smoking, amount smoked, and cur-
rent age—were controlled * * *. The data can be regarded as evidence
against the constitutional hypothesis.”

Calculations are presented to note that observations made during
the study suggest the possibility that data from respondents (those
who answered the smoking questionnaire) may in fact underestimate



the risk associated with smoking. The Surgeon General’s 1964 Report
had considered the possibility that differences between respondents
and nonrespondents to the questionnaire might have introduced a
bias and had attempted to calculate a maximum estimate of that
bias.

Stupy oF MEN aND WoMEN IN 25 StaTES

(This report is based on 3,764,571 person-years of experience and 43,221
deaths occurring among 1,003,229 subjects—440,568 men and 562,671
women—between the ages of 35 and 84 from October 1, 1959, to Feb-
ruary 15, 1960, when they enrolled in a prospective study and answered
detailed questionnaires including questions on their smoking habits.
Hammond. (11).) § ‘

“Death rates of both men and women were higher. among subjects
with a history of cigarette smoking than among those who never
smoked regularly. :

“Death rates of current cigarette smokers increased with number of
cigarettes smoked per day and degree of inhalation.

“Death rates were higher among current cigarette smokers starting
the habit at a young age than among those starting the habit later in
life. Among both men and women, the difference between the death
rates of cigarette smokers and nonsmokers increased with age.

“Among men, the death rates for ex-cigarette smokers were lower
than for men currently smoking cigarettes when they enrolled in the
study. Death rates of ex-cigarette smokers decreased with the length
of time since they last smoked cigarettes.

“k » * Total death rates and death rates from most of the common
diseases occurring in both sexes were higher in men than women,
were higher in men who never smoked regularly than in women whe
never smoked regularly, and were far higher in men with a history
of cigarette smoking than in women with a history of regular cigarette
smoking,

“The difference between the death rates of subjects with a history
of cigarette smoking and subjects who never smoked regularly was
far greater among men than women. Female cigarette smokers (as
a group) have been far less exposed to cigarette smoke than male
cigarette smokers of the same ages, as judged by number of cigarettes
smoked per day, degree of inhalation, and the number of years they
have smoked. Many female cigarette smokers smoke only a few
cigarettes a day, do not inhale, and have been smoking for only a
few years; their death rates are about the same as the death rates of
women who never smoked regularly.”

Stupy or Brrrisa Prysicians

(The mortality of nearly 41,000 men and women in the medical profes-
sion in the United Kingdom has been followed for 12 years. During the



first 10 years 4,597 of the men and 368 of the women died. These deaths
were analyzed In relation to smoking habits reported by doctors in reply
to a questionnaire sent to them in 1951—both sexes—and again in 1967,
men, and 1960, women. Doll and Hill (8, 9).)

“* * * Apn association with smoking is found, in differing degrees,
in men for seven causes of death [which accounted for 39 percent of
the death rate]—namely, cancer of the lung, cancers of the upper
respiratory and digestive tracts, chronic bronchitis, pulmonary tuber-
culosis, coronary disease without hypertension, peptic ulcer, and
cirrhosis of the liver and alcoholism. No association is found with the
remaining 61 percent of the death rate, and this includes such major
causes as other forms of cancer, cerebrovascular accidents, hyperten-
sion, myocardial degeneration, suicide, and accidents.

“In women, the few deaths at present available show an association
only between smoking and cancer of the lung.

“* * * Tf the excess deaths in smokers under the age of 65 years
from (a) cancer of the lung, (3) chronic bronchitis and emphysema,
(¢) coronary thrombosis without hypertension be taken as attributable
to their cigarette smoking, then the total mortality from all causes at
ages 45-64 years is increased thereby by approximately 50 percent.”

The report states: “One of the striking characteristics of British
mortality in the last half-century has been the lack of improvement
in the death rate of men in middle life. In cigarette smoking may lie
one prominent cause.”

Stupy oF Canapian PENsiONERS

(The purpose of the study was to investigate the relationships between
residence, occupation, smoking habits, and mortality from chronic
diseases particularly lung cancer. It was initiated by a questionnaire
which was sent to Canadian veteran pension recipients during the
period September 1955 through June 1956.

Returns from 78,000 men, and 14,000 women, mostly widows, were
analyzed. The men were mainly World War I and World War II vet-
erans, but some Boer War and Korean War veterans, as well as some
non-veteran pension recipients were included. The age of most of the
men at the beginning of the study ranged from 30 to 90 years and the
distribution was characterized by the ages of men eligible for service
in the two World Wars.

For each respondent dying between July 1, 1956, and June 80, 1962,
the cause of death was related to information on his questionnaire
about age, history of smoking habits, residence and occupation.
Among the respondents during the 6 years of followup there were 9,401
deaths of males, and 1,794 deaths of females which were analyzed
1))

“Current cigarette smokers had a death rate for overall mortality
54 percent higher than that of nonsmokers * * * Ex-cigarette smok-
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ers had a comparatively lower rate, which was still 36 percent above
the rate for nonsmokers * * * Men smoking combinations of ciga-
rettes plus cigars and/or pipe also had elevated death rates for overall
mortality, but these were not elevated to the same extent as those of
men smoking only cigarettes.

- “The death rates for overall mortality of pipe smokers and cigar
smokers were not appreciably different from those of nonsmokers.

“For cigarette smokers as compared to nonsmokers, overall mor-
tality ratios were elevated after 5 years of smoking at any time in
their life and remained elevated as long as they continued to smoke
cigarettes. -

“Male current cigarette smokers who inhaled had a death rate for
overall mortality 52 percent higher than that of those who did not
inhale.

“An urban/rural comparison was made between males of equivalent
cigarette smoking habits and nonsmokers. It was found that the
death rate for overall mortality of urban dwellers (persons with
a history of 5 years or more of city residence) was 12 percent higher
than that for rural dwellers of comparable smoking habits,

“Respondents were classified into occupational groups based on
their history of occupation. No evidence was found in this study of
clear-cut associations between cause of death and occupation. Further,
occupation did not appear to modify the established association of
cigarette smokers with death rates in excess of those of nonsmokers.”

SOME GENERAL CONSIDERATIONS

The problem of how best to measure the relationship between smok-
ing and mortality has been discussed in the Surgeon General’s 1964
Report as well as in some of the prospective study reports. As the
amount of data available increases, the person-years of observations
in the many population subgroups that are worth examining increases
so that stable rates may be computed and compared. A brief discussion
of three measures of comparison available and their utility seems
desirable as confusion frequently arises over these measures.

1. Mortality Ratios: Obtained by dividing the death rate for
a classification of smokers by the death rate of a comparable
group of nonsmokers.

2. Differences in Mortality Rates: Obtained by subtracting
from the death rate for smokers, the death rate of a comparable
group of nonsmokers.

3. Excess Deaths: Obtained by subtracting from the number
of deaths occurring in a group of smokers, the number of deaths
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which would have occurred if that group of smokers had ex-
perienced the same mortality rates as a comparable group of
nonsmokers. In the example which follows this has been reported
as a percentage of all deaths in the appropriate age group.

Table 1 presents in summary form all three measures for five age
~ groups of men from both the U.S. veterans study and Hammond’s
study and for the same age groups of women from the latter study.

The statistics were derived from the cited publications to provide
reasonable comparability and may vary slightly from the figures
combined in other ways. Also it should be noted that the age groups
are not defined identically and the experience reported covers some-
what different time periods. The smoking group analyzed is “cur-
rent cigarette smokers,” ie., those who were smoking at the time of
enrollment into the study, and the comparison group is “never smoked
regularly,” i.e., those who had never been regular smokers of any
form of tobacco.

The number of deaths in each age-sex group is given to indicate
the relative stability of the figures in that column. The data in the
veterans study are largely concentrated in age groups 55-64 and
65-74. In Hammond’s study, age group 3544 is less stable than the
succeeding groups both for men and for women.

1. Mortality Ratios—For men, these are at their highest in
age group 45-54, diminishing in each subsequent decade. In both
studies mortality ratios appear to be somewhat lower in the preceding
decade 35-44. However, with the smaller numbers of cases available
in that age group, it may be that selective factors contribute to the
finding. For women the mortality ratios are much smaller than for
men, although the same pattern is suggested. In general, a mortality
ratio has been considered to reflect the degree to which a classifica-
tion variable identifies or may account for variations in death rates.
As such, it is a measure of relative risk which indicates the importance
of that variable relative to uncontrolled variables—an indicator of
potential biological significance.

2. Differences in Mortality Rates—These increase consistently
with increasing age in all three study groups, except for the oldest
age group in women where there is practically no difference in the
rates for smokers and nonsmokers. Differences between smokers’ rates
and nonsmokers’ rates are much smaller for women than for men,
as are the death rates themselves for men and women classified simi-
larly with respect to smoking. This measure reflects the added proba-
bility of death in a 1-year period for the smoker over that for the non-
smoker. As such it is a measure of personal health significance, s means
for the individual to estimate the added risk to which he is exposed.
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TABLE 1.—Comparison of 3 measures of relationship between cigarette
smoking and overall death rates by age and sex as derived from 2
magjor prospective studies (11,13)*

Age
44 | 4554 55-04 674 | 7584
U.S. VETERANS: MEN
Total deaths_______________. 383 366 | 13,840 | 17, 550 | 1,932
Death rates per 100,000:
Never smoked regularly___..__. 127 264 ] 1,056 | 2 411 | 6,214
Current cigarette smokers. ... _ 232 728 1,819 | 4,032 | 8,471
Mortality ratio®______._______._._.._ 1. 83 2.76 L72 L67 ] 136
Difference in death rates per
100,000%  _____ oo 105 464 763 | 1,621 | 2, 257
Excess deaths as percentage of
total 4 ___ o ee.. 33 43 21 17 8
Haunonp MEN
Total deaths._____...._____. 631 { 5,207 | 8,427 | 8,125 | 3,968
Death rates per 100,000:
Never smoked regularly__._.... 210 406 | 1,202 | 3,168 | 7, 863
Current cigarette smokera_ .. ... 397 0925 | 2,202 | 4,788 | 9,674
Mortality ratio?_ ... ______._ 1.80| 228 1.83| L5351 1. 23
Difference in death rates per
100,0008_ . ______ . .. 187 519 | 1,000 | 1,620 1,811
Excess deaths as percentage of
total____ L .__.._ 33 38 25 13 4
Hamuonp WoMEN
Total deaths_._____________. 727 | 2,826 | 3,915 | 5,115 | 4,188
Death rates per 100,000:
Never smoked regularly..__..___ 165 304 698 | 1,913 | 5,914
Current cigarette smokers_____._ 186 384 838 | 2,229 | 5,848
Mortality ratio?______________.____ .13 128 1.20 1.17 .99
Difference in death rates per
100,0008%_ ___ . __ .. 21 80 140 316 é8
Excess deaths as percentage of
total ¢ _ _ ... 5 9 4 2 |eeoooo

1 These figures are derived from the references, § year age groups were cambined directly from the reparted
statistics without adjustment to any standard population.

1 Mortality ratios—Death rate for current cigarette smokers divided by death rate for those who never smoked
regularly.

3 Difference in death rates—Death rate for current cigarette smokers minus desth rote for those ko never smoked
regularly.

¢ Excess deaths among current cigarette smokers (l.e., additional deaths that occurred among current
cigarette smokers per year above those which would have occurred if smokers had the same death rates as
those who never smoked regularly). This is expressed as a percentage of el desths occurring in that age-sex
group.
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3. Eucess Deaths as a Percentage of Total Deaths—As with mor-
tality ratios, this statistic appears to be highest in the age group 45-54
where it reaches 43 percent in one group of men and 38 percent in
the other. Hammond’s data by 5-year age groups show the highest
rate at ages 45-49, where it is 44 percent. Reviewing both study groups
it appears that for men between the ages of 35 and 60 approximately
one-third of all deaths that occur are excess deaths in the sense that
they would not have occurred as early as they did if cigarette smokers
had the same death rates as the nonsmoking group. For women, the
percentage is much lower, reaching a peak of 9 percent of all deaths
in age group 45-54. It should be noted that this measure not only de-
pends on the differences in death rates between the smokers and the
nonsmokers, but also on the proportion of smokers in the group. Thus,
even with a large difference in rates between smokers and nonsmokers,
a population with very few smokers would have very few excess
deaths. This measure is therefore an indicator of the public health
significance of the differences found since it measures the number of
people affected and therefore the magnitude of the problem for society
asa whole.

Once the magnitude of the excess is identified the problem becomes
one of determining (1) how much of the excess would not have oc-
curred if it had not been for cigarette smoking and (2) how much
would have occurred anyhow. It should be noted that much of the ex-
cess has already been identified as belonging in the first category. Of
the remainder, little of the excess has been clearly identified as belong-
ing in the second category—that is, not caused by smoking. With most
of that remainder there is uncertainty as to the category in which it
belongs.

MEasURES OF ExPOSURE

Studies involving smoking, whether epidemiological or behavioral,
have been concerned with measures of exposure to tobacco smoke. For
the most part, these studies have been restricted principally to the in-
dex of number of cigarettes smoked over a specified period of time,
usually an “average day.” The heavy reliance on numbers of cigarettes
alone as a measure has produced important findings but it has possi-
bly obscured others. The new reports on the prospective studies have
provided a substantial amount of data to support the concept that
many elements should enter into an overall measure of exposure. Such
factors as age at beginning smoking, duration of smoking, and inhala-
tion have all shown some independent contributions to the overall
- effect, along with numbers of cigarettes. A recent report (12) has at-
tempted to develop a more adequate measure of exposure in which
various individual components of dosage would be combined to form
composite scores.

14



A dosage score was developed as a function of the average number
of cigarettes smoked per day, the “¢ar” (smoke solids minus moisture)
rating of the brand of cigarette smoked, and the portion of the ciga-
rette actually smoked. In addition, questions on both depth and fre-
quency of inhalation were developed. Normative data have been ob-
tained from a national survey sample of smokers. In general, although
the various measures reflecting exposure are interrelated, there are
many individuals with high exposure on one measure but low ex-
posure on another. Furthermore, there are systematic differences in
some of these measures of dosage between men and women, between
heavy and light smokers (by the usual criterion of numbers of ciga-
rettes), etc. The existence of a dose-response relationship between ex-
posure to cigarette smoke and the risks most clearly associated with
cigarette smoking is now generally accepted.

Wynder and Hoffmann (20) have shown in laboratory experiments
with animals that the tumorigenicity of cigarette smoke can be
reduced by alteration in the cigarette which reduces the “tar” and nico-
tine content. They use the term “indicator” for “tar” and nicotine con-
tent (the two measures tend to be used jointly since when one is high
the other tends to be high unless the nicotine has been removed in
processing), or other measures which reflect this type of relationship,
lacking the identification of specific agents which are responsible for
the effect. Bock, Moore, and Clark (£) have independently shown a
similar variation in carcinogenic activity of tobacco “tar” obtained
from different types of cigarettes.

The preponderance of scientific evidence strongly suggests that the
“tar” and nicotine content of cigarette smoke is a meaningful factor in
the measurement of dosage.

CESSATION OF SMOKING

The cessation of smoking is, of course, an extreme example of the
reduction of dosage. Data from the prospective studies show a reduc-
tion in both overall mortality and mortality from specific diseases
among those who have stopped smoking when compared with those
persons who continue to smoke. This finding has been somewhat ob-
scured by the fact that ill health is a frequent cause of giving up
smoking so that death rates and disability rates for ex-smokers as a
group tend to be high for an initial period of time following cessation.

In this connection, the Study of British Physicians shows that
among the total group of physicians in the study (smokers, ex-
smokers, and those who never smoked, combined) there was a reduc-
tion in the standardized lung cancer death rate from 0.69 per 1,000
in the first 5 years of the study (1951-56) to 0.64 per 1,000 in the sec-
ond 5 years of the study (1956-61). This reduction occurred during
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the time when there was also a substantial drop in cigarette smoking
among physicians in general, and during the time that lung cancer
rates were rising in the male population of Great Britain, This situa-
tion is not unlike that of a controlled cessation experiment in which
the effect of giving up smoking is judged by the mortality results in
an entire population in which the giving up of smoking is common
as against another population in which it is not common. A more recent
report by Doll (7) suggests that this trend is becoming more marked
as the rate of smoking among British physicians decreases and the
length of the cessation period increases. .

These findings are shown in Table 2, which has been derived from
Doll’s report (7). The lung cancer death rate among men in England
and Wales increased from 1.49 per 1,000 in the period 1954-57 to 1.86
per 1,000 in the period 196264, a rise of 25 percent. At the same time,
the lung cancer death rate for British physicians dropped from 1.09
per 1,000 in the first period to 0.76 per 1,000 in the second period, a
reduction of 30 percent. This reduction in death rates from lung can-
cer among all physicians is larger than would have been anticipated
from examining only the experience of those physicians who had
stopped smoking before the study began and indicates that the ex-
perience of ex-smokers in prospective studies probably understates
the benefits of giving up smoking.

With these findings the case for cigarette smoking as the principal
cause of lung cancer is overwhelming. The reduction of rates experi-
enced in ex-smokers as compared with continuing smokers is clearly
shown in the case of lung cancer to be a reflection of a significant
change in risk. Since the concern that selective bias might have ac-
counted for the earlier findings has been contraindicated, a stronger
case can now be made for interpreting reduced rates of overall mor-
tality for those who give up smoking as also reflecting a direct altera-
tion of risk compared to those who continue to smoke,

There are no adequate data to evaluate the benefit of reductions in
exposure that are more modest than those achieved by complete cessa-
tion, although it seems reasonable to assume that a substantial reduc-
tion in exposure is likely to be accompanied by some reduction in risk
relative to those who do not reduce their exposure.
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TaBLE 2.—Changes in the lung cancer death rate in male British phy-
sicians (age 36-84) compared with changes in the rales for the male
population of England and Wales for 3 time intervals between 1954

and 1964 (7)

Lung cancer death rates per 1,000
Time period per
Men in B, British
W physicians
1954 to 1967 . 1.49 1.09
1958 to 1961 . e 1.71 .83
1962 to 1964 . ___ . 1.86 .76
Percentage change:
st to2nd period_ .. ______________________. +15 —24
2nd to 3rd period___________ . _________ +9 —8
18t to 3rd period___.____________ . __________ +25 -30
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Smoking and Overall Morbidity

T THE TIME of the Surgeon General’s 1964 Report there was no
A information available on the overall disability associated with
smoking. To investigate the relationship between smoking and mor-
bidity, the National Center for Health Statistics of the Public Health
Service introduced questions about cigarette smoking into its National
Health Survey, beginning in July 1964. This Survey is a continuing
study conducted since 1957.

In carrying on this Survey, interviewers each year visit 42,000 fami-
lies (selected as a probability sample of the civilian, noninstitutional
population of the United States) and question them about illness, dis-
ability, and days absent from work because of illness, as well as the
nature of the illness. In the year ending in June 1965, they inquired
(after all other questions about health had been asked) about the smok-
ing habits of persons in the family who were 17 years of age or over.

The National Health Survey is concerned with three overall meas-
ures of the impact of illness. '

1. Days Lost From Work.—These are days absent from job or busi-
ness because of illness or injury. They apply only to those persons
who are currently employed and are therefore heavily concentrated in
age groups 17-64.

2. Bed Days.—These are days when the person is sufficiently ill or
disabled so as to spend all or most of the day in bed, either at home
or in a hospital. All days spent as a hospital patient are included.

3. Days of Restricted Activity.—These are days when a person cuts
down his usual activities for most of a day because of an illness or
an injury. Days lost from work because of illness and bed days are, of
course, counted as days of restricted activity. This represents the most
general measure of disability available in the United States today.

Table 8 summarizes the findings in a form similar to that used for
summarizing the overall mortality utilizing three measures of mor-
bidity effect: Morbidity ratios, differences in rates, and excess days of
disability.
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TABLE 3.—Comparison of 3 measures of relationship between cigaretie
smoking and 3 types of disability days by age and sex as derived from
the National Health Survey (16)

Male Female
1744 | 4564 | 65and | 1744 | 4564 | 65and
over over
Work-Loss Days

Estimated total days (millions)____._ 112 | 127 21 80 55 4
Rate:1

Never smoked cigarettes.____.. 3.4 5.6/ 9.8| 4.5 5.3 5.0

History of cigarette smoking____| 4.4 | 8.5 9.8 6.5 6.9 ®)
Morbidity ratio®_ _ ___.___________ 1.3| L5 1L0| 1L4]| 1L3| (®
Difference in morbidity rates14_____{ 1.0 | 2.9 0 2.0 1.6 ®
Excess days as percentage of total 5_ 20 28 0 18 11 ®

ResTRICTED ACTIVITY DAYS
Estimated total days (millions)._.____ 305 | 386 | 271 | 543 | 469 395
Rate: !

Never smoked cigarettes_______ 7.5]115.0132.9|13.3|22.6| 40.1

History of cigarette smoking___| 10.6 | 22.9 | 37.9 | 17.8 | 25.3 | 44.8
Morbidity ratio®_. _ ... ________. 1.4 L5 1.2 1.3 1.1 1.1
Difference in morbidity rates14.____| 3.1 7.9 501 4.5 | 2.7 4.7
Excess days as percentage of total 3_ 23 28 8 14 5 2

BEp Davs

Estimated total days (millions)_____ 111 118 [ 100 | 210 | 168 146
Rate: !

Never smoked cigarettes....___ 2.7 46|13.4}| 54| 80| 15.1

History of cigarette smoking___| 3.9 | 6.9 | 13.0| 6.7 | 9.2 15.2
Morbidity ratio3_ .. ___._____.._.__ 1.4 1.5 .97} 1.2} 1.1 1.0
Difference in morbidity rates?4___._| 1.2 | 2.3 |—0.4 1.3 1.2 0.1
Excess days as percentage of total &_ 23 28| -1 10 6 0

1 Rate is defined as ‘‘days per person per year.'

2 Based on too few smokers for stable rates.

3 Morbidity Ratios—Morbidity rate for cigareite smokers divided by morbidily rate for those who never smoked
cigareties.

¢ Difference in Morbidity Rates—Morbidily rate for cigarette smokers minus morbidity rate for those who
never smoked cigarettes.

§ Excess deaths among cigarette smokers (L.e., additional days of disability that occur among cigarette
smokers per year above those which would have occurred if smokers had the same rates as those who never
smoked cigarettes). This is expressed as a percentage of all disability days occurring in that age-sex group.

Days Lost From Work

For those with a history of cigarette smoking, classified by heaviest
amount smoked, the average number of days was 7 percent higher for
men and 15 percent higher for women who had smoked less than 11
cigarettes per day; 33 percent higher for men and 60 percent higher
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for women who had smoked 11-20 cigarettes per day ; 48 percent higher
for men and 79 percent higher for.women who had smoked 21-40
cigarettes per day; and 83 percent higher for men and 140 percent
higher for women who had smoked more than 40 cigarettes per day.
The relationships expressed by all three measures are somewhat higher
among men aged 45-64 than among men aged 17-44, but lower among
women aged 45-64 than among women aged 17—44. In the survey year,
there were an estimated 399 million workdays lost in the United States
because of illness. A total of 77 million days, or 19 percent, were excess
workdays lost because of the higher rates which exist among persons
who have ever smoked cigarettes as compared to those who never
smoked. This excess loss is highest in men 45-64 where it represents
28 percent of all days lost.
Beop Davs

For those with a history of cigarette smoking, classified by heaviest
amount smoked, the average number of days was 10 percent higher
for men and 4 percent lower for women who had smoked less than 11
cigarettes per day; 22 percent higher for men and 17 percent higher
for women who had smoked 11-20 cigarettes per day ; 22 percent high-
er for men and 57 percent higher for women who had smoked 21-40
cigarettes per day; and 53 percent higher for men and 192 percent
higher for women who had smoked more than 40 cigarettes per day.
Relationships with smoking are higher for men than for women for
all three measures except for age 17—44 in which the differences in mor-
bidity rates betwéen smokers and nonsmokers are about the same. For
the entire population 17 years of age and older there were an estimated
853 million bed-days in the survey year. A total of 88 million of these
days, or 10 percent, were “‘excess” days lost because of the higher rates
which exist among persons who have ever smoked cigarettes as com-
pared to those who never smoked. Excess days as a percentage of total
bed-days is highest for men aged 45-64, where it is 28 percent.

Days oF ResTrRICTED AcCTIVITY

For those with a history of cigarette smoking classified by heaviest
amount smoked, the average number of days was 12 percent higher
for men and 4 percent higher for women who had smoked less than
11 cigarettes per day; 32 percent higher for men and 22 percent for
women who had smoked 11-20 cigarettes per day; 39 percent higher
for men and 48 percent higher for women who had smoked 2140
cigarettes per day; and 81 percent higher for men and 146 percent
higher for women who had smoked more than 40 cigarettes per day.
Again rates are higher for men than for women in all three measures
except for age group 17—44, in which differences in morbidity rates
are higher for women. There were an estimated 2,369 million such days
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in the survey year; 306 million, or 13 percent, were excess days lost
because of the higher rates which exist among persons who have ever
smoked cigarettes as compared to those who never smoked. Excess
days as a percentage total restricted activity days was highest in men
aged 45-64.

To help evaluate these general indices of morbidity as measured by
various kinds of disability days it is necessary to turn to the conditions
which are reported more frequently by cigarette smokers than by non-
smokers. Since these are either self-reports or reports made by a re-
sponsible member of the household for others in the household, the
diagnostic accuracy of the reports is obviously less than one could ob-
tain from direct medical examination. Nevertheless, the bulk of the
reports on chronic conditions reflect what a physician has previously
told the patient or the family with regard to a diagnosis of the
condition.

Chronic conditions (one or more) are reported by 11 percent more
of the men and 9 percent more of the women who have ever smoked
cigarettes than by those who have never smoked. cigarettes. This is
especially high in those who have reported their highest consumption
rate to have been over two packs a day (32 percent higher for men
and 43 percent higher for women). At the lower levels of consumption
the rates reported are 21 percent and 25 percent higher for those
smoking 2140 cigarettes per day, but only 6 percent higher for men
and 7 percent higher for women for those smoking 11-20 cigarettes per
day and only 1 percent higher for both men and women who have
never smoked more than 10 cigarettes per day. The differences are
especially marked among present smokers of more than two packs per
day whose rate of reporting three or more chronic conditions is 73
percent higher for men and 143 percent higher for women than for
those who have never smoked cigarettes.

Applying differences in prevalence rates to the entire U.S. popula-
tion 17 years of age and over yields the estimate that there are approxi-
mately 11 million more cases of chronic illness annually than there
would be if all people had the same rate of:sickness as those who had
never smoked cigarettes. A large portion of these are accounted for by
conditions classified as “chronic bronchitis and emphysema,” “heart
conditions,” “peptic ulcers,” and “sinusitis.” All but the last of these
have previously shown substantially higher mortality rates among
cigarette smokers. Sinusitis, being a nonfatal condition, has not been
identified in the studies of mortality previously reported. The “heart’
condition” relationship is most marked in the category “arteriosclero-
tic heart disease including coronary disease.”

The age-adjusted incidence rate of acute conditions for persons who
had ever smoked was 14 percent higher among men and 21 percent
higher among women than the rates for “never smokers.” However,
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particular caution must be taken in interpreting the results relating
specific acute conditions to cigarette smoking because of the relatively
large sampling error connected with the estimates for the several types
of acute conditions.

Since the National Health Survey is not a prospective study, it does
not identify the rate at which various types of morbidity develop in
comparable groups of smokers and nonsmokers, but reports the recent
existence of such disability. Therefore, the findings are much more
significant when they support relationships previously identified than
when new relationships are identified. It should not be surprising that
causes of mortality which are associated with cigarette smoking have
a counterpart in disease or disability associated with smoking.

As the primary source of data in the United States on disability,
the Survey report, being based on a national probability sample,
provides a solid base for estimating the excess overall disability asso-
ciated with cigarette smoking.

HIGHLIGHTS OF CURRENT INFORMATION ON OVERALL
MORTALITY AND MORBIDITY

1. The previous conclusions with respect to the association between
smoking and mortality are both confirmed and strengthened by the
recent reports. The added period of followup and analysis of deaths
of nonrespondents as well as of respondents in the Dorn Study sug-
gests that the earlier reports may have understated the relationship.

9. More information is now available for specific age groups than
previously. A comparison of three ways of measuring the relationship
indicates that cigarette smoking is most important among men aged
45 to 54 both in terms of mortality ratios and excess deaths expressed
as a percentage of total deaths. Nevertheless, although both of these
measures decline with advancing age, the increment added to the
death rate, which reflects one’s personal chances of being affected,
continues to increase with age. For men between the ages of 35 and 59,
the excess deaths among current cigarette smokers account for one
out of every three deaths at these ages. For women, with their lower
overall exposure to cigarettes, the comparable figure is about one
death out of every 14 at ages 85 to 59.

3. Women who smoke cigarettes show significantly elevated death
rates over those who have never smoked regularly. The magnitude
of the relationship varies with several measures of dosage. By and
large the same overall relationships between smoking and mortality
are observed for women as had previously been reported for men, but
at a lower level. Not only are the death rates for men who have never
smoked regularly higher than those for women who have never smoked
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regularly, but the effect of smoking as measured either by differences
in death rates or by mortality ratios is greater for men than for
women. At least part of this can be accounted for by the lower ex-
posure of female cigarette smokers whether measured by number of
cigarettes, duration of smoking, or degree of inhalation.

4. Previous findings on the lower death rates among those who
have discontinued cigarette smoking are confirmed and strengthened
by the additional data reviewed. Kahn’s analysis of ex-smokers in the
U.S. veterans study—controlling for age at which they began smoking,
amount smoked, and current age—reveals a downward trend in risk
relative to those who continued to smoke as the duration of time dis-
continued increases. The British physician study, in which a downward
trend is reported in lung cancer death rates for the entire group
(smokers, ex-smokers, and those who never smoked, combined) along
with a very sharp reduction in cigarette smoking by the physicians, is
the best available example of a controlled cessation experiment with
reduction of risks resulting from reduction of smoking. The findings
of this report support the view that epidemiological data showing
lower death rates among former smokers than among continuing
smokers cannot be dismissed as due to selective bias and that the bene-
fits of giving up smoking have probably been understated.

5. Cigarette smokers have higher rates of disability than non-
smokers, whether measured by days lost from work among the em-
ployed population, by days spent ill in bed, or by the most general
measure—days of “restricted activity” due to illness or injury. Data
from the National Health Survey provide a base for estimating that in
L year in the United States an additional 77 million man-days were
lost from work, an additional 88 million man-days were spent ill in
bed, and an additional 306 million man-days of restricted activity were
experienced because cigarette smokers have higher disability rates than
nonsmokers. For men age 45 to 64, 28 percent of the disability days
experienced represent the excess associated with cigarette smoking.



Smoking and Cardiovascular Diseases

CONCLUSIONS OF THE SURGEON GENERAL’S 1964 REPORT

Male cigarette smokers have a higher death rate from coronary
artery disease than nonsmoking males, but it is not clear that the
association has causal significance.

CURRENT INFORMATION, 1967

Important additional epidemiological information from five pros-
pective mortality studies confirms that cigarette smokers have sub-
stantially higher death rates from coronary heart disease than do
nonsmokers. This is true for both men and women although the
relationships are less marked in women. Cigarette smoking also
markedly increases an individual’s susceptibility to earlier death from
coronary disease. In general, mortality rates increase with increasing
amounts smoked.

Cessation of cigarette smoking is followed by a reduction in the
risk of coronary heart disease mortality relative to those who con-
tinued to smoke. Epidemiological evidence indicates that there is
little risk of coronary heart disease associated with cigar and/or pipe
smoking.

The Surgeon General’s 1964 Report indicated a median mortality
ratio of 1.7 for current cigarette smokers, with a range from 1.5 to 2.0.
Additional evidence from the Hammond study (17) indicates that
young smokers between the ages of 45 and 54 have the highest mortality
ratios—three times as great for men, and twice as great for women if
they smoke 10 or more cigarettes per day, as compared with non-
smokers. In general, the mortality ratio shows the most marked in-
creases with increasing amount smoked for the ages under 65. While
the cigarette smokers older than 65 have lower mortality ratios than
those under 65, the public health significance of the relationship in
the older population is substantial because of the large numbers of
people over 65 who die of coronary heart disease. Studies of U.S.
veterans (13), Canadian pensioners (1), British physicians (8, 9, 10),
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and California longshoremen (3) also provide extensive additional
information about coronary heart disease in male cigarette smokers as
compared to nonsmokers, supporting the above statements as they
pertain to men. :

The study of British physicians (8, 9, 10) suggests that male
cigarette smokers have the largest increase in risk for death certi-
fied to coronary thrombosis—a subcategory of coronary heart disease
describing acute coronary events, frequently occlusive, causing myo-
cardial infarction. For that subcategory, the mortality ratio is also
largest for the younger age groups 35-54. :

Prospective morbidity studies confirm the relationships between
cigarette smoking and coronary heart disease. These studies also
provide the opportunity to evaluate the effect of smoking independ-
ently and in combination with other known “risk factors,” such as
high blood pressure and high serum cholesterol that are also impor-
tant in the pathogenesis of coronary heart disease. It has been demon-
strated that cigarette smoking not only operates as an independent
“risk factor” but that it may combine with other “risk factors” to pro-
duce even greater effects on cardiovascular health.

Other types of evidence have also been presented to confirm the
epidemiologic evidence. Autopsy studies show that cigarette smokers
have a much greater frequency of advanced coronary arteriosclerosis
than do nonsmokers. Clinical and experimental studies demonstrate
that smoking produces abnormalities of cardiovascular physiology
that may help to explain the mechanisms of how, smoking may pro-
duce earlier death from coronary heart disease.

Human and experimental studies indicate that the nicotine ab-
sorbed from smoking may cause an increase in the myocardial tissue
demand for oxygen yet at the same time the carbon monoxide absorbed
from smoking may cause a decrease in the supply of available oxygen
from the blood necessary to meet the increased myocardial tissue
demand. Studies indicate that some persons who already have pre-
existing coronary heart disease, not necessarily clinically obvious,
may be especially susceptible to the adverse physiological effects of
smoking. Evidence also indicates that important differences may
exist between normal individuals and those with coronary heart dis-
ease in their ability to increase coronary blood flow to compensate for
increased myocardial tissue oxygen demand. Smoking apparently can
accelerate thrombus formation of human blood, suggesting another
possible mechanism whereby smoking might increase the mortality
from coronary heart disease, especially those acute coronary events
certified as “coronary thrombosis.”

The convergence of many types of evidence—epidemiological, ex-
perimental, pathological, and clinical—strongly suggests that ciga-
rette smoking can cause death from coronary heart disease. These
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biomechanisms may help to explain why cigarette smokers have such
an increased risk of developing coronary heart disease and of dying
from it.

An increasing amount of evidence has been accumulated in the past
few years relating the development of clinical cerebrovascular disease
to cigarette smoking. Most of this information has come from mor-
tality studies (17, 18), both retrospective and prospective, which
show that both male and female smokers of cigarettes under the age
of 75, as compared to nonsmokers, have higher death rates from cere-
brovascular disease designated as the underlying cause of death on
their death certificates. This may be especially true for younger ciga-
rette smokers age 45-54 where males had death rates about 50 percent
higher than nonsmoking males, and females had death rates about 100
percent higher than nonsmoking females. Under age 75, mortality
ratios for stroke increase as the number of cigarettes smoked increases.
No association has been shown for those aged 75 and over.

The new epidemiological evidence, then, indicates that cigarette
smoking may be more closely associated with cerebrovascular disease
than previously indicated in the population between the ages of 45 and
74 years. If cerebrovascular thrombosis (thrombotic brain infarction)
accounts for this association, it is possible that some of the considera-
tions of how cigarette smoking may produce coronary thrombosis also
apply to the pathogenesis of cerebrovascular disease. Further research
is essentia] to understand the relationships which exist between ciga-
rette smoking and cerebrovascular disease.

Additional epidemiological evidence from prospective mortality
studies provides confirmation that cigarette smoking is associated with
increased death rates from aortic aneurysm (nonsyphilitic), for both
men and women. In one study of male smokers an increase in death
rates was noted with increases in amount smoked.

HIGHLIGHTS OF CURRENT INFORMATION

1. Additional evidence not only confirms the fact that cigarette
smokers have increased death rates from coronary heart disease, but
also suggests how these deaths may be caused by cigarette smoking.
There is an increasing convergence of many types of evidence concern-
ing cigarette smoking and coronary heart disease which strongly sug-
gests that cigarette smoking can cause death from coronary heart
disease.

2. Cigarette smoking males have a higher coronary heart disease
death rate than nonsmoking males. This death rate may, on the aver-
age, be 70 percent greater, and, in some, even 200 percent greater or
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more in the presence of other known “risk factors” for coronary heart
disease. Female cigarette smokers also have higher coronary heart
disease death rates than do nonsinoking females, although not as high
as that for males. In general, the death rates from this disease increase
with amounts smoked. Cessation of cigarette smoking is followed by
a reduction in the risk of dying from coronary heart disease when
compared with the risk incurred by those who continue to smoke.

3. A greater frequency of advanced coronary arteriosclerosis is
noted in male cigarette smokers, especially in those who smoke heayvily.

4. Additional evidence strengthens the association between cigarette
smoking and cerebrovascular disease, and suggests that some of the
pathogenetic considerations pertinent to coronary heart disease may
also apply to cerebrovascular disease.
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smoking and Chronic Bronchopulmonary
Diseases (Non-Neoplastic)

CONCLUSIONS OF THE SURGEON GeNERaAL’s 1964 REPORT

1. Cigarette smoking is the most important of the causes of chronic
bronchitis in the United States, and increases the risk of dying from
chronic bronchitis. )

2. A relationship exists between pulmonary emphysema and cig-
arotte smoking but it has not been established that the relationship 1s
causal. The smoking of cigarettes is associated with an increased risk
of dying from pulmonary emphysema. i .

3" For the bulk of the population of the United States, the impor-
tance of cigarette smoking as a cause of chronic bronchopulmonary
disease is much greater than that of atmospheric pollution or occupa-
tional exposures.

4. Cough, sputum production, or the two combined are consistently
more frequent among cigarette smokers than among nonsmokers.

5. Cigarette smoking 1s associated with a reduction in ventilatory
function. Among males, cigarette smokers have a greater prevalence
of breathlessness than nonsmokers.

6. Cigarette smoking does not appear to cause asthma.

7. Although death certification sﬁow‘s that cigarette smokers have
a moderately increased risk of death from influenza and pneumonia,
an association of cigarette smoking and infectious diseases is not other-
wise substantiated.

CURRENT INFORMATION, 1967

Additiona] evidence from the four major prospective studies indi-
cates that cigarette smokers have a markedly increased risk of dying
from chronic bronchitis and pulmonary emphysema. The range of
risk varies for cigarette smokers between three and 20 times the mor-
tality rates for nonsmokers, and depends in part on the total amount
smoked and the age group studied. Female cigarette smokers have
similarly increased mortality risks although somewhat lower than
those for males. Cessation of cigarette smoking is followed by a lower
mortality risk relative to those who continue to smoke. Generally, pipe
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and cigar smokers are much Jess affected than cigarette smokers by
these diseases. '

Problems of nomenclature and diagnosis make satisfactory differ-
entiation of chronic bronchitis from pulmonary emphysems. difficult
when considering the epidemiologic data. Nevertheless autopsy studies
support the relationship between smoking and mortality. In addition,
recent information from morbidity studies indicates that smoking is
associated with symptoms of chronic bronchopulmonary disease. Even
relatively young cigarette smokers show increased respiratory symp-
toms and decreased ventilatory function. Cessation of smoking is
usually followed by improvement of these characteristics. Although
some individuals may have an increased susceptibility to respiratory
disease, studies of twin-pairs in Sweden (4, 5, 6, 14)—in which one
twin is a smoker and the other is not—show that those who smoke have
a much greater frequency of respiratory symptoms and abnormalities
of ventilatory function than do their nonsmoking twins. This dem-
onstrates that cigarette smoking is of greater importance than hered-
itary and constitutional factors in the pathogenesis of chronic bron-
chopulmonary disease. Similarly, occupational exposures and air
pollution may also cause respiratory disease, but cigarette smoking is
of much greater importance.

Additional clinical and experimental laboratory evidence confirms
the fact that constituents in tobacco smoke are harmful to the bronchial
mucosa of the respiratory tract. Bronchial changes have been produced
in experimental animals exposed to cigarette smoke.

It is suspected that smoking has a direct toxic effect upon the alveo-
lar tissue of human lungs, in which case this effect might be important
in the pathogenesis of many though not all cases of human pulmonary
emphysema. Additional indirect evidence exists to substantiate this
suspected toxic effect, but additional research is needed to confirm or
deny the presence of the effect. However, the presently available evi-
dence (epidemiological, clinical, pathological, and experimental)
strongly suggests that cigarette smoking may well play an important
pathogenic role in many, although not necessarily all, cases of pul-
monary emphysema. The fact that other causes of pulmonary emphy-
sema exist does not detract from the validity of this inference.

Additional evidence strongly supports the conclusion in the Surgeon
General’s 1964 Report that cigarette smoking is the most important of
the causes of chronic bronchitis in the United States, and increases
the risk of dying from chronic bronchitis.



HIGHLIGHTS OF CURRENT INFORMATION

1. New data confirm and to some extent strengthen the conclu-
sions of the Surgeon General’s 1964 Report.

9. Cigarette smoking is the most important of the causes of chronic
non-neoplastic bronchopulmonary diseases in the United States. It
greatly increases the risk of dying not only from both chronic bron-
chitis but also from pulmonary emphysema.

3. Cessation of smoking is followed by a reduction in mortality from
chronic bronchopulmonary disease relative to the mortality of those
who continue to smoke.

4. Even relatively young cigarette smokers frequently have demon-
strable respiratory symptoms and reduction in ventilatory function.
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Smoking and Cancer

CONCLUSIONS OF THE SURGEON GENERAL’s 1964 RErorT

Lung Cancer

1. Cigarette smoking is causally related to lung cancer in men; the
magnitude of the effect of cigarette smoking far outweighs all other
factors. The data for women, though less extensive, point in the same
direction.

9. The risk of developing lung cancer increases with duration of
smoking and the number of cigarettes smoked per day, and is dimin-
ished by discontinuning smoking.

3. The risk of developing cancer of the lung for the combined group
of pipe smokers, cigar smokers, and pipe and cigar smokers is greater
than for nonsmokers, but much less than for cigarette smokers.
The data are insufficient to warrant a conclusion for each group
individually.

Oral Cancer

1. The causal relationship of the smoking of pipes to the develop-
ment of cancer of the lip appears to be established.

2. Although there are suggestions of relationships between cancer
of other specific sites of the oral cavity and the several forms of tobacco
use, their causal implications cannot at present be stated.

Laryngeal Cancer

Evaluation of the evidence leads to the judgment that cigarette

smoking is a significant factor in the causation of laryngeal cancer in
the male.

Esophageal Cancer

The evidence on the tobacco-esophageal cancer relationship supports
the belief that an association exists. However, the data are not ade-
quate to decide whether the relationship is causal.

Cancer of Urinary Bladder

Available data suggest an association between cigarette smoking
and urinary bladder cancer in the male but are not sufficient to sup-
port judgment on the causal significance of this association.

Stomach Coancer

No relationship has been established between tobacco use and
stomach cancer.
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CURRENT INFORMATION, 1967

Additional chemical, experimental, pathological, and epidemiolog-
ical evidence has been reported that substantiates the conclusions of
the Surgeon General’s 1964 Report concerning the various sites of
cancer that were shown to be associated with or caused by smoking,

Luxe Cancer

Deaths from lung cancer in the United States are continuing to rise
rapidly. Epidemiological evidence concerning cigarette smoking and
lung cancer has confirmed positive relationships with increasing num-
bers of cigarettes smoked, with increasing duration, and with decreas-
ing age of initiation of the habit. Male cigarette smokers of less than
one pack a day have mortality ratios as high as 10 and smokers of more
than one pack a day have mortality ratios as high as 30.

There is a much smaller increass of the lung cancer death rates
associated with pipe and/or cigar smoking than with cigarette
smoking.

Additional evidence provides specific information on the increased
mortality ratios of female cigarette smokers. These have significantly
elevated mortality ratios ranging as high as 5 for the groups with
greatest exposure. Lung cancer rates appear to be somewhat lower
for women who have never smoked regularly than for men who have
never smoked regularly. The mortality rates for women who smoke,
although significantly higher than for nonsmokers, are lower than
for men who smoke. How much of this is due to lower exposure to
cigarettes and how much to other factors cannot be determined from
the data available. ‘

Ex-cigarette smokers are shown to have significantly lower death
rates compared with those who continue to smoke. As discussed under
the general topic of cessation earlier in this report, the finding of re-
duced lung cancer rates in the population of British physicians (8, 9,
10) over a period of time in which the proportion of cigarette smokers
was dropping significantly can be interpreted as similar to a con-
trolled cessation experiment and provides critical confirmation of the
judgment that cigarette smoking is the major cause of lung cancer
and that sharp reductions can occur in the risk from lung cancer with
the cessation of smoking.

Additional information is available concerning the presence of
known or suspected carcinogens in tobacco smoke. It has been reported
that the “tar” and nicotine content of cigarette smoke* tends to reflect
the tumorigenicity of this smoke, and that a reduction of the “tar” and

* The phrase “ ‘tar’ and nicotine” is used here as a general indicator of total
particulate matter in cigarette smoke.
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nicotine content is accompanied by a reduction in the tumorigenicity.
Research is needed to identify and separate the tumor-initiating and
tumor-promoting agents in tobacco smoke and to elucidate their inter-
actions in the pathogenesis of cancer. Similarly, while additional data
are available concerning experimental carcinogenesis, it is not yet
certain that the typical characteristics of human squamous-cell lung
cancer, with invasion and metastasis, have been experimentally pro-
duced by tobacco smoke in animals. It should be noted that this may
never be achieved not only because it may not be possible to duplicate
mman’s smoking action for anatomic and physiologic reasons but also
because of species’ differences in cellular response.

There is evidence that certain other exposures, for example, occupa-
tional exposures to asbestos and uranium ore may interact with the
cigarette effect to produce an enhancement of the tumor-producing
effect. There is aiso information to indicate that the occurrence of
second primary lung cancers in smokers may be more frequent than
previously indicated.

Orar CaNCER

Substantial mortality ratios are found for cancers of the buccal
cavity and pharynx. Mortality ratios for cancer of the pharynx are
especially high. There is some evidence implicating alcohol and/or
dietary deficiencies in some of these sites. With the exception of the
pipe-lip cancer relations there are too few cases related to the indi-
vidual parts of the buccal cavity to evaluate each independently, and
data are inadequate on the interaction of smoking with other factors.
Although all forms of smoking have high mortality ratios with these
sites, mortality ratios for those smoking cigarettes appear to be some-
what higher than for those smoking pipes and cigars, especially in
the case of cancer of the pharynx.

Lary~NcEaL CANCER

Continued evidence from the prospective studies supports the exist-
ence of a high laryngeal cancer mortality ratio for pipe and cigar
smokers as well as for cigarette smokers. Data on the smoking habits
of patients treated for buccal cancer subsequent to their therapy sug-
gests that continuing to smoke after therapy may increase the likeli-
hood of an independent laryngeal cancer. The epidemiological evi-
dence supports the previous conclusion that cigarette smoking is a
significant factor in the causation of cancer of the larynx.

EsopraaceAL CANCER

Additional data from the prospective studies confirm the high
mortality ratio previously found for smokers of all forms of tobacco.
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Autopsy studies of smokers compared with nonsmokers specifically
observing pathological changes in esophageal tissue have been reported
from both smokers and nonsmokers who died from causes other than
esophageal cancer. The findings were similar to the abnormalities
generally accepted as representing premalignant tissue changes of
the epithelium of the respiratory tract; that is, epithelial cells with
atypical nuclei were found far more frequently in cigarette smokers
than in nonsmokers. Tissue sections with basal cell hyperplasia were
also found more frequently in cigarette smokers and, as with the
atypical nuclei, these findings increased with amount of cigarette
smoking. Additional data to evaluate the relative importance of smok-
ing and alcohol, independently and jointly, would help clarify the
significance of these findings.

UriNARY Brapper CaNcer

The Dorn (18) and the Hammond (77) studies both show mortality
ratios over 2.0 for smokers of over 20 cigarettes a day, but the Doll-Hill
study (8, 9), based on only 38 deaths, shows no apparent relation-
ship. Two retrospective studies have shown significantly higher pro-
portions of smokers among patients than among controls. Small scale
metabolic studies suggest that cigarette smoking may block the normal
metabolism of tryptophan, which would lead to the accumulation of
carcinogenic metabolites in the urine. Further studies to verify this
finding and studies analyzing changes in the bladder tissue of smokers
as compared with nonsmokers would be helpful in arriving at a judg-
ment of the significance of the elevated death rates found in smokers
in the largest of the prospective studies.

SToMAcH AND PanNcreaTIC CANCER

Epidemiological evidence does not show a significant relationship
between smoking and stomach cancer. An association between ciga-
rette smoking and pancreatic cancer is implied, but the significance
of this association is not clear at the present time.

HIGHLIGHTS OF CURRENT INFORMATION

Lone Cancer

1. Additional epidemiological, pathological, and experimental data
not only confirm the conclusions of the Surgeon General’s 1964 Report
regarding lung cancer in men but strengthen the causal relationship
of smoking to lung cancer in women.
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9. Cessation of cigarette smoking sharply reduces the risk of dying
from lung cancer relative to the risk of those who continue.

3. Although additional experimental studies substantiate previous
experimental data, additional research is needed to specify the tumor-
initiating and tumor-promoting agents in tobacco smoke and to elu-
cidate the basic mechanisms of the pathogenesis of lung cancer.

LarynGeaL CANCER

The conclusion of the Surgeon General’s 1964 Report that cigarette
smoking is a significant factor in the causation of laryngeal cancer in
the male is supported by additional epidemiological evidence.

OteER CANCERS

Additional evidence supports the conclusions of the Surgeon Gen-
oral’s 1964 Report and indicates a strong association between various
forms of smoking and cancers of the buccal cavity, pharynx, and
esophagus. In the absence of further information concerning the in-
teraction of smoking with other factors known or suspected as causa-
tive agents, further conclusions cannot be made at this time, although
a causative relationship seems likely.

Additional epidemiological, clinical, and experimental data
strengthen the association between cigarette smoking and cancer of
the urinary bladder, but the presently available data are insufficient
to infer that the relationship is-causal.
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Other Conditions and Areas of Research

CoNCLUSIONS OF THE SURGEON GENERAL’S 1964 REPORT

Peptic Ulcer

Epidemiological studies indicate an association between cigarette
smoking and peptic ulcer which is greater for gastric than for duodenal
ulcer.

Tobacco Amblyopia

Tobacco amblyoPia [dimness of vision unexplained by an organic
lesion] has been related to pipe and cigar smo. by clinical impres-
sions. The association has not been substantiated by epidemiological
or experimental studies.
Cirrhosis of the Liver

Increased mortality of smokers from cirrhosis of the liver has been
shown in the prospective studies. The data are not sufficient to support
a direct or casual association.
Maternal Smoking and Infant Birth Weight

Women who smoke cigarettes during pregnancy tend to have babies
of lower birth weight. Information is lacking on the mechanism
by which this decrease in birth weiiht is produced. It is not known
whether this decrease in birth weight has any influence on the bio-
logical fitness of the newborn.

Psychosocial Aspects

The overwhelming evidence points to the conclusion that smoking—
its beginning, habituation, and occasional discontinuation—is to a
large extent psychologically and socially determined. This does not
rule out physiological factors, especially 1n respect to habituation, nor
the existence of predisposing constitutional or heredity factors.

CURRENT INFORMATION, 1967

By and large the contributions to knowledge in this area of varied
considerations have been meager, although a number of investigations
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on one or another aspect of the problem of smoking and varied health
consequences have been undertaken.

Prpric Urcer

The relationship between cigarette smoking and death rates from
peptic ulcer, especially gastric ulcer, is confirmed. In addition, mor-
bidity data suggest a similar relationship exists with the prevalence
of reported disease from this cause.

ToBACCO AMBLYOPIA

Tobacco amblyopia is now believed to be a manifestation of nutri-
tional amblyopia, which is aggravated by the inhalation of tobacco
smoke. Various vitamin B factor deficiencies may be involved and
there is evidence to suggest that chronic low vitamin B,, levels may
potentiate the toxic effects of cyanide in tobacco smoke.

CIrrHOSIS OF THE LIver

Increased mortality of smokers from cirrhosis of the liver is found
in the prospective studies. This has generally been thought to be
largely secondary to an association between smoking and heavy con-
sumption of alcohol. Published data are inadequate to test this
interpretation. ‘

MAaTERNAL SMOEING AND INFANT BirtH WEIGHT

Further studies have confirmed the fact that women who smoke
during pregnancy tend to have babies of lower birth weight, but
data are lacking to determine either the mechanism or the significance
of this finding.

PsyYcHOS0CIAL ASPECTS

There has been a sharp increase in the attention devoted to be-
havioral research since the Surgeon General’s Report. A number of
new concepts have been developed and more sophisticated multivariate
approaches are being used. However, because of the recency of these
studies very little in the way of findings has been published on which
firm conclusions may be based.
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SMOKING AND CORONARY HEART DISEASE

CoroNarRYy HEeArT Disease MoORTALITY !

The relative importance of the association between cigarette smoking
and coronary heart disease (CHD) as compared to the association of
smoking with other diseases was previously described in the introduc-
tion to chapter 11 of the Surgeon General’s 1964 Report.

In the United States more persons die from coronary heart disease
than from any other single cause; and this most common form of fatal
cardiovascular disease accounts for a greater percentage of excess
deaths among cigarette smokers than do deaths from lung cancer. In
1964, there were 1,798,000 deaths from all causes, of which almost
545,500 or 30.3 percent, were due to atherosclerotic heart disease,
including coronary heart disease. Table 1 gives the 1964 death rates for
coronary heart disease per 100,000 persons by age and sex:

TasLE 1.—1964 death rates for coronary heart disease per 100;000

persons by age and sex
All ages | 285-34 35-44 45-54 85-64 65-74 7584 85+
Both Sexes_.| 285.1{ 6.9 | 53.2 | 205. 8 | 576. 3 |1,384.9 |2, 957. 7 |6, 882. 9
Males_._.__ 854.2 | 11.0| 90.9 | 341. 3 | 889. 8 |1,942. 4 [3,623. 0 |7, 409. 4
Females..__| 218. 5 3.0117. 4 76.8 | 286.4 926. 5 12, 464. 0 (6, 559. 0

SOURCE: National Center for Health Statistics (97).

These data illustrate the dramatic increases in the risk of death
from coronary heart disease as age advances. For males the rates
among persons over the age of 45 appear to double from one decade
to the next; among females the increased risk of death with advancing
age is more dramatic—a threefold increase every 10 years. Of perhaps
greater importance are the relatively low death rates among females,
particularly below the age of 65, compared to males of comparable
age. The mortality differential between the sexes becomes less as age
advances; under 45 years of age the coronary death rate among men
is five times as high as among women and in the 75-84 year age group
itis only about 1.5 times as high.

The Surgeon General’s 1964 Report determined a median mortality
ratio (99) (pp. 109-110) for coronary heart disease of male current
cigarette smokers of 1.7. Since this report, five large prospective

1 All death rates throughout this chapter are per 100,000 population, unless
otherwise indicated.
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studies of smoking and mortality have been updated on the basis of
longer periods of observation on each study subject. Current findings
are therefore more definitive and permit more detailed analysis of
the interrelationship of cigarette smoking to other significant variableg
such as age, sex, and the nature of the smoking habit in terms of
amount and duration of smoking. Pertinent findings are presented
below from the studies of veterans in the United States (62) and
Canada (74) and the extensive data reported by Hammond (47), Doll
and Hill (25, 26, 27), and Borhani (17).

The relative excess mortality associated with cigarette smoking is
generally expressed in terms of a mortality ratio. This statistic is
defined as the ratio of the number of observed deaths among smokers,
to the expected deaths among smokers, if the age-specific mortality
rates observed among non-smokers had prevailed (62). The process
of computing the expected number of deaths among smokers takes
into account and adjusts for any differences in the age distribution
of the smokers and the nonsmokers under observation. Generally
smokers are defined as persons currently smoking cigarettes, and non-
smokers as those who never smoked or who never smoked regularly.

Table 2 shows the mortality ratios for coronary heart disease deaths
among current cigarette smokers according to the amount smoked
daily in U.S. and Canadian male veterans.

TaBLE 2.—Coronary heart disease mortality ratios, age-adjusted among
current cigarette smokers by amount smoked daily

Cigarettes smoked daily
Under | 1020 | 2139 | More | 40+
10 than 20
U.S. male veterans. . ... ________________ 1.3 1.7 1.8 . ___ 20
Canadian male veterans___________.___.___ 1.6 1.6 [-.__-. 1.8 ...

SourcE: U.8. veterans study (52) and Canadian pensioners study (14).

In both studies (74, 52) the mortality ratios were similar and in-
creased with increasing intensity of cigarette smoking. Slightly higher
ratios are reported in the U.S. veterans study for current smokers of
cigarettes only.

The U.S. veterans study also permitted the comparison of age-
specific coronary heart disease mortality rates for ex-smokers and
current cigarette smokers (table 2A). From these data, it appears
that cessation of cigarette smoking is followed by a reduction in risk
of coronary heart disease mortality as compared to those who continue
to smoke cigarettes.



TapLE 2A.—Annual death rate per 100,000 from coronary heart disease
by age, cigarette-smoking status and number of cigareties smoked per
day, U.S. veterans study

45-54 55-64 65-74
Number smoked per day ¢ Current Ez- | Cumrent Ex- Current Ex-
cigarette | smokers? | cigarette | smokerss | cigarette | smokers?
smokers smokers smokers
TR 195 125 594 432 | 1,374 1,105
10t020. - cccmanee- 297 133 830 657 | 1,577 1, 260
211039 aemm- 390 57 912 743 1,701 1, 366
404 e ceaan 502 [ _._ 1,101 646 1, 955 1,482

1 This is the current rate of smoking for current cigarette smokers and the maximum rate attained for ex-
cigarette smokers. .
3 Ex.smokers who stopped for reasons other than doctor’s orders.

SOURCE: U.8. veterans study (62).
The Hammond study findings summarized in table 3 are based on
coronary heart disease deaths reported over a 4-year period among
approximately 1 million persons (441,000 men and 563,000 women).

TaBLE 3.—Coronary heart disease mortality ratios among current
cigarette smokers only, by amount smoked daily

Cigarettes smoked daily
Age and sex Non-
smokers
Under 10 10-19 20-39 40+

Men:

45to 54 ___________. 1.0 2.4 | 31 31 3.4

55t064. - __________ LO 1.5 1.9 2.0 2.1

65to T4 .. 1.0 1.3 1.6 1.6 0]

75to 84 . ___. 1.0 1.2 1.4 LY.
Women:

45t0 54 ______ 1.0 0.9 2.0 2.7 oceaeea

55t064 __ . 1.0 1.3 1.6 2.0 | _.___.

65t0 74 e 1.0 L1 1.4 L9 |-

75t084 IR 1 20 (OO FEUIUUUPRRUE DRSSP BIOUUI

1 Expected deaths were less than 10.
SourcE: Hammond, E. C. (47).

Tables 3 and 4 show that both men and women who smoke cigarettes
have relatively higher death rates from coronary heart disease than
nonsmokers, although men have higher rates than women. For each
sex and for each age group, the mortality ratios for coronary heart
disease generally increase with increased intensity of cigarette smok-
ing (table 3). The highest mortality ratios for both men and women
are observed in the 45-54 year age-group; the coronary heart disease
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death rates among heavy smokers in this age group are three times the
death rates for nonsmokers for both sexes. The mortality ratios for
both men and women decrease with advancing age in each intensity
category. This trend may reflect the effects of selective survival of
smokers who have survived the elevated risks at younger ages of cop-
onary heart disease and other diseases associated with cigarette
smoking.

Another explanation of the decrease in mortality ratios with agj
is that the effect of smoking, while substantial in increasing death
rates, cannot be expected to be proportionate to all other causes of
coronary heart disease as age advances. Considering the advanced de-
gree of atherosclerosis generally found among nonsmokers over
65, the deleterious effect of smoking is more appropriately representeq
by the excess in death rates among smokers. Table 4 below shows
the observed death rates from coronary heart disease among persons
studied by Hammond and classified by age, sex, and smoking status,
Although the mortality ratios decreased with age, differences in death
rates, which reflect the numbers of persons who die in each age group,
increase. This could be interpreted to mean that, although relative to
other factors, the role of cigarette smoking tends to diminish with ad-
vancing age, the number of excess deaths per 100,000 smokers continues
to rise with advancing age.

TABLE 4.—Age-specific death rates Jrom coronary heart disease per
100,000 persons by age, sex, and smoking status

Smokers of Excess rate Mortality
Age and sex cigarettes Nonsmokers | smokers/non- ratio
only smokers !
Males:
45to 54 _________________ 422 150 272 2.8
55to64__________________ 996 542 454 1.8
65to74_____________ S 2,025 1, 400 625 1.5
75to84_________________. 3, 871 3,132 739 1.2
Females:
45to 54 .. __________ 66 33 33 2.0
55to64__________________ 275 163 112 1.7
65to 74 _________________ 941 653 288 1.4
(472 2,349 1,973 376 1.2
1 Calculated from the data.

Source: Hammond, E. C. [(47), p. 145.]

The relative decrease in death rates from coronary heart disease
associated with the cessation of cigarette smoking is illustrated by
table 4A,
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TapLe 4A.—Coronary heart disease (men). Age-standardized death
rates for ez-cigarette smokers with history of cigarette smoking only,
by former number of cigareties smoked per day and years since last
cigarette smoking. Death rates for current cigareite smokers with history
of cigarette smoking only and men who never smoked regularly are
shown for comparison. Men aged 50-69

Smoked 1-19 cigarettes a day Smoked 20 cigarettes a day
Ex-cigarette smokers (years
since last clgaretto smoking) | 0 | Number | Desth | Number | Namber | Deatn
of men of deaths rate of men of deaths rate
Under 1 year... ... 746 27 [ 11,005 2,244 771 11,070
lto4years..—-——-—- 1,844 51 718 5, 435 195 1, 003
5toQyears. .- 1,770 48 725 5,803 152 732
10+ years_ _.:--o---- 4, 209 84 498 8, 142 206 679
Total ex-
smokers._ . __. 8, 569 210 635 | 21,624 630 813
Current cigarette
smokers._ . - - c-a-n 22, 808 781 947 | 56, 886 1, 895 1,029
Never smoked regu-
lafly . cccceemeaeman 55,728 [ 1,114 502 | 55,728 1,114 502

1 Four or more but less than 10 deaths expected in some of the component 5-year age groups.
Source: Hammond, E. C. [(47), p. 148}

Doll and Hill

In a prospective study by Doll and Hill (27) of mortality among
British physicians whose smoking habits had been previously recorded,
there were 1,369 deaths in the course of 10 years in which the underly-
ing cause was coronary heart disease (27, table 1). The physician popu-
lation under observation totaled 320,185 person-years. The CHD
deaths were classified into three major subcategories: Group 1, com-
prising 35 CHD deaths in which an associated condition related to
smoking, e.g., lung cancer, was recorded on the death certificate; Group
9, comprising 721 CHD deaths in which no other significant contribu-
tory cause of death was recorded on the death certificate; and Group 3,
comprising 618 CHD deaths which were associated with some other
contributory cause, including conditions known to predispose to coro-
nary heart disease, e.g., hypertension, diabetes, and obesity. The CHD
death rates for smokers and nonsmokers based only on Group 1 deaths,
while subject to large variation, show the largest differentials (data not
shown). Among smokers of 25 or more cigarettes daily, the age-ad-
justed CHD death rate was nearly eight times that in nonsmokers.

Based on Group 2 coronary heart disease deaths, presumably uncom-
plicated by any other significant disease, the mortality ratio of age-
adjusted death rates among continuing cigarette smokers to non-
smokers is found to be 1.8, and for heavy smokers to nonsmokers the
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ratio is 2.0. However, as shown in table 5, the mortaiii:y'diiferentials
between smokers and nonsmokers are much larger at the younger ages.

TasLe 5.—Mortality ratios for different types of coronary heart disease

by smoking habits
Group 21 CHD Group 8 CHD
inutng c ng clgarette
Age group e smy :l‘garette %«s
Non- Non-
smokers smokers
All 25 or more All 23 or more
amounts | per day amounts | per day
3Bbtodd_ ____________ 1.0 4.7 9.7 @ ® ®
45t054_____________ 1.0 3.8 3.5 1.0 1.1 1.7
85to64..___________ 1.0 1.4 1.6 1.0 1.4 1.9
65to74_ ____________ 1.0 1.4 1.8 1.0 1.4 .8
to8s_____________ L0 1.1 2.0 1.0 .8 .2
8plus _____________ .o 1.0 ® 1.0 1.4 ®
Age adjusted—All ages._ 1.0 1.6 2.0 1.0 1.1 .9
! 8ee text for definitions.

1 Not calculable; no rate for nonsmokers because of so few deaths.
#Very few men in this category.

80URCE: Data in above table based on values from Study of British Physiclans. Table 3 (#7).

The mortality ratios shown for Group 3 deaths, i.e., CHD deaths
accompanied by some other complicating disease, suggest that, for
all age groups combined, smokers do not have any special risk to
this type of coronary death. However, smokers below the age of 65
appear to be at a somewhat greater risk, while no consistent differen-

In summary, the study substantiates other mortality studies’ find-
ings that CHD mortality ratios (current cigarette smokers vs. non-
smokers) increase with the number of cigarettes smoked daily, that
the ratios are highest in the age group 45-54, and that they decrease
as age advances. Moreover, smoking apparently is associated with
deaths from coronary heart disease among persons free of other
serious disease states.

In a prospective study of California longshoremen, Borhani (17)
reported on the mortality experience of more than 3,700 men observed
for 10 years. Table 6, derived from his data, provides some additional
insights on both the independent and the interaction effects of ciga-
rette smoking.

Men 45-64 years of age who were heavy smokers experienced higher
death rates from coronary heart disease than did nonsmokers independ-
ent of whether they were hypertensive or nonhypertensive,
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TaBLE 6.—Mortality ratio from coronary heart disease among male
hypertensives and nonhypertensives by smoking history and age

B tas Non-

Age group lood pressure status ! smogncs . sg::g .

4540 54ccacmccrean- Nonhypertensive_.____.cocceeo LO 2.2
Hypertensive__ ___ .. —o---- 2.5 9.6

55 t0 64occccmnm-nom= Nonhypertensive_ .. ___.._-——- 1.0 58
Hypertensive. . ... 59 9.4

1 ertensives are defined as those having systolic blood pressare of 160 mm. Hg. or over or diastolic
blw%’;‘imn of 95 mm. Hg. or over, Nonhyﬁertennves have systolic blood pressure iess than 160 mm. Hg
or diastolic blood pressure less than 95 mm. g

3 Nonsmokers in this particular study are defined as those not smoking any cigarettes or less than 20
cigarettes per day. Smokers are those who smoke 20 or more per day.

Source: Borhani, N. O,, et al, (17).

An analysis was made by Schor (86) of 181 adult males who died
from coronary heart disease generally less than 2 years after receiving
a periodic health examination. The results of this study and those of
Doll and Hill suggest that sudden death from previously undetected
coronary heart disease frequently occurs among cigarette smokers. If
this is true, it may, in part, account for the small differentials in the
prevalence of coronary heart disease between smokers and nonsmokers
observed in some morbidity prevalence surveys. As will be described
in the following section, longitudinal, prospective morbidity studies
also show that smokers are more likely to die from sudden attacks of
coronary heart disease.

CoroNary Hearr Disease Morsiprry*

In chapter 11 of the 1964 Surgeon General’s Report, several prospec-
tive studies on the incidence of coronary heart disease (24, 31, 78, 88)
established that smokers were subject to higher rates than nonsmokers.
The relationship was reported to be more marked under 50 years of
age than among older persons and appeared to be associated with
myocardial infarction but not with angina pectoris. Since the 1964
report, recent findings from large-scale, on-going prospective studies
have been reported, providing additional insight on the interaction
between smoking and other important coronary heart disease risk fac-
tors. Current findings are summarized in the following pages includ-
ing tables 7 to 13. Whenever possible, data are shown separately for
findings related to angina pectoris and those pertaining to myocardial
infarction, including sudden death attributed to coronary heart dis-
ease. Higgins (60) has drawn attention to the fact that “many factors
may influence or be affected by smoking habits, and obscure those
differences between smokers and nonsmokers which are directly re-
lated to the use of tobacco.” In her review of the literature, Higgins
identified differences between smokers and nonsmokers in genetically

*Also may include mortality data in this presentation.
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determined qualities (23), in physique (77, 93), in personality (87,

47, 48, 65, 68, 69), and in social, cultural, religious, and economic
characteristics (46, 49,68,84).

Age '
The effect of age on the incidence of coronary heart disease with

regard to cigarette smoking is shown in table 7 based on recent data
from the Framingham Study as yet unpublished.

TABLE 7.—Incidence rates and morbidity ratios Jor coronary heart
disease by age and smoking status of men 12-year experience, Fra-
mingham, Mass.

Incidencerates per 1,000 Excess rates Matbldlfy ratio
per 1,000
Age
Bmokers
Non- Smokers minus Non- Bmokers
smokers non- smokers

smokers
b5toad ______ 1.4 4.1 2.7 1.0 2.9
45t054.______________ 4.6 11.1 6.5 1.0 2.4
S6to64._______________ 16.2 25.4 9.2 1.0 1.6

Source: U.S. Public Health Service, Framingham Study 96). (Updated 1967)

When the incidence rate of coronary heart disease among male non-
smokers between 3544 years of age is compared with that among older
nonsmokers, the rate is seen to triple every 10 years. This marked
increase in incidence among nonsmokers reflects the effect of other
important risk factors and perhaps accounts for the decrease in mor-
bidity ratio as age advances. The independent effect of smoking on
the incidence of coronary heart disease is believed to be more appro-
priately represented by the excess morbidity rates, which increase
from 2.7 per 1,000 smokers in the age group 35-44 to 9.2 per 1,000
smokers 55-64 years of age.

High Blood Pressure

Although the inhalation of cigarette smoke is frequently accom-
panied by acute transient elevations in blood pressure, habitual smok-
ers tend to have lower blood pressures than do nonsmokers (48). But,
given the presence of high blood pressure in an individual, smoking
acts as an additional risk factor for the development of coronary heart
disease (17, 28, 29, 30, 53, 66, 95, 96). Both the independent and the
combined effect of cigarette smoking is clearly shown in table 8 de-

rived from the experience of the Framingham and Albany studies
(30).



TaBLE 8.—Age-adjusted morbidity ratios for coronary heart disease
among smokers and nonsmokers according to level of systolic blood
pressure

Systolic blood pressure Nonsmokers of Cigarette

cigarettes smokers
Under 130 mm. Hg - 1.0 2.1
130 mm. Hg and over. o memeee 1.8 3.8

SOURCE: 10-year Framingham and 8-year Albany experiencé (30).

High Serum Cholesterol

It is not now conclusively known if cigarette smoking by itself can
cause increases in serum cholesterol. Dietary influences as well as en-
dogenous production and elimination of cholesterol must be evaluated
in greater detail with simultaneous analysis of the roles of other
risk factors, including smoking. One study of a small population of
twins in Sweden, as reported by Lundman (67), suggests that smoking
monozygotic twins tend to have lower cholesterol levels than their
nonsmoking control twins, although the differences are not statistically
significant. Other studies suggest that smokers generally have higher
serum cholesterol than nonsmokers (13, 67, 88). However, given the
presence of high serum cholesterol, smoking increases the risk of cor-
onary heart disease (95,96).

The independent any synergistic effect of cigarette smoking is dem-
onstrated by the data in table 9 derived from the combined experience
of the Framingham and Albany studies (30).

TasLe 9.—Age-adjusted morbidity ratios for coronary heart disease
among smokers and nonsmokers according to level of serum cholesterol

Serum cholesterol level Nonsmokers of Cigarette

cigarettes smokers
LoW ! e memmc e mmm————— e L0 1.8
High! e e 2.0 45

{ “Low" i3 below median. “high” is above median value of serum chloesterol.
SOURCE: 10-year Framingham and 8-year Albany experience (20).

Pulmonary Function

The acute effects of cigarette smoking upon pulmonary function are
expressed mainly through increase in airway resistance. The dif-
ferences in pulmonary function between smokers and nonsmokers ap-
pear to be greater than can be accounted for by acute effects from a
recently smoked cigarette (50, 97). The relationship of coronary heart
disease to lowered pulmonary function as reflected by low vital capacity
and cigarette smoking is observed in the data published by the Na-
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yiuLal LOSCICUTes of Health based on the 12-year experience in Framing-
ham (96). Morbidity ratios derived from this publication are shown in
table 10,

TaBLE 10.—Age-adjusted morbidity ratios for coronary heart disease
among smokers and nonsmokers according to level of vital capacity

Vi i N ki Cigarette

tal capacity Clgarcties © | Slearette
Under 3liters..___________________ 1.0 1.7
3liters ormore__._______________TTTTTTTTTTTC 1.7 2.4

SOURCE: The Framingham heart study. (96).

Here again, the independent and combined effects of cigarette smok-
ing are observed.
Physical Inactivity

A physically inactive or sedentary individus] seems to run g higher
risk of developing coronary heart disease (39, 40, 41, 76). Spain (88)
reported that, in his prospective study of 3,000 men “* * * the pela-
tionship of occupational physical activity to smoking habits revealed
that one of six sedentary workers were heavy smokers and one of five
strenuous workers were heavy smokers.” Weinblatt, in reporting the
experience of the Health Insurance Plan of Greater New York (100)
also found that a higher proportion (41.9 versus 36.0 percent) of cig-
arette smokers were classified in the “most active” physical activity
category.

The independent and the combined effects between cigarette smok-
ing and physical activity are shown in table 11. The morbidity ratios
for myocardial infarctions are derived from published data.

TABLE 11.—Age-adjusted morbidity ratios for myocardial infarctions
among smokers and nonsmokers according to physical activity level

Physical activit: N k f Cigarett

ysical activity onsmotg:o srigokeme
Most active.__._.___________ 1.0 2.6
Least active___-_________-_______-__- ___________ 2.4 3.4

SOURCE: Weinblatt, E. (100).
Socioenvironmental Stress

Since 1955, research on socioenvironmental stress in relation to cor-
onary heart disease has increased greatly (83, 92). Among the factors
studied that indicate a, strong association with coronary heart disease
incidence and prevalence is sociocultural mobility, that is, moving
from one social setting to another. The interaction of this factor and
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cigarette smoking has been reported by Syme (90, 97) in both an ur-
ban and rural setting. Apparently in both areas cigarette smokers
were more culturally mobile than nonsmokers. The independent effect
of cigarette smoking on the incidence of coronary heart disease is
shown in the morbidity ratios in table 12 derived from the North
Dakota study (91).

TasLe 12.—Age-adjusted morbidity ratios for coronary heart disease
among smokers and nonsmokers according to sociocultural mobility
status

Never smoked Current and
Sociocultural status cigarettes former cigarette
smokers
Stable. - o oo mmmm e 1.0 1.5
Highly mobile_ el 2.3 3.2

SourcE: North Dakota study. (91)

Personality Type

Various investigators have long suspected a possible pathogenetic
role of the central nervous system in coronary heart disease (35). In
a series of reports, Rosenman (87, 82) and Jenkins (57) have described
a personality pattern or overt emotional complex which, while asso-
ciated with other known risk factors, appears to predict coronary heart
disease more effectively than do other risk factors. This emotional com-
plex, “which they have termed Behavior Pattern Type A, is composed
of an enhanced competitiveness, drive, aggressiveness and hostility,
and an excessive sense of time urgency.” Recent unpublished data based
upon prospective observation of more than 3,000 men for a 414-year
period (51) discloses that smokers have a higher percentage (54 versus
47 percent) of type A persons among them. Moreover, the incidence of
coronary heart disease is shown to be related independently to both
smoking status and personality type. Morbidity ratios, derived from
the incidence data, are shown in table 13 which clearly demonstrates
the independent effects of cigarette smoking and its interaction with
personality characteristics.

TaBLE 13.—Morbidity ratios of cigarette smokers as compared to non-

smokers by personality type
Personality type Nonsmokers of Cigarette
cigarettes smokers
Behavior type B.__ ..o eeaa-- L0 2.0
Behavior type A eiecaea 2.5 4.4

SoURCE: Unpublished data from Western Collaborative Group Study, San Francisco, Calif. (82).
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Multiple-Risk Factors

The method of analysis traditionally employed by epidemiologists,
that of the comparison of rates for multiple cross-classifications of
the data, generally requires a large study population at relatively high
incidence of significant events. Since coronary heart disease incidence
rates are low and study populations are necessarily small because of
practical and practicable limitations, definitive analysis of the inde-
Pendence and interaction between risk factors have generally been re-
stricted to two factors at a time. Truett (95) applied a multiple logistic
function proposed by Cornfield to investigate the independent effect
on the incidence of coronary heart disease of seven risk factors: Age,
serum cholesterol, systolic blood pressure, relative weight, hemoglobin,
cigarettes per day, and ECG abnormalities. The method was used in the
analysis of data compiled in the Framingham study during a 12-year
period. A discriminant function coefficient was computed for each risk
factor. These coefficients represent the relative importance of each fac-
tor with respect.to the other six factors in the development of coronary
heart disease. While theoretical considerations underlying the logistic
risk function are not fully satisfied by the actual data, the approxima-
tion given by the function to observed rates is very good.

Consequently, Truett and Cornfield believe that the present compu-
tations permit the conclusion that “the most important risk factors,
aside from age itself, are cholesterol, cigarette smoking, ECG- abnor-
mality, and blood pressure” (95 ).

MANIFESTATION OF CoORONARY HEART DisEAsE

Coronary heart disease is essentially comprised of three major mani-
festations or subcategories:

1. Fatal myocardial infarctions, including sudden deaths attrib-
uted to coronary heart disease;

2. Nonfatal myocardial infarction; and

3. Angina pectoris.

Generally, investigators in their analysis of the relationship of risk
factors to the incidence of coronary heart disease have not subdivided
the observed coronary events into the three major subcategories pri-
marily because the paucity of events in each category did not permit
definitive conclusions on any differences observed. However, the pool-
ing of data from some of the larger prospective studies holds promise
of 2 more complete analysis of the independent and synergistic effects
of each risk factor on each of the subcategories of coronary disease.
Findings from these analyses might provide some insights into the
underlying pathophysiological mechanisms through which a risk factor
operates. The pooled data from the Albany and Framingham studies
and data from the HIP study include the observed associations of
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cigarette smoking with each of the three major manifestations. Mor-
bidity ratios have been derived from these studies and are presented
in table 14.

TaBLE 14.—Age-adjusted morbidity ratios for subcategories of coronary
heart disease among smokers and nonsmokers

Framingham-Albany Health insurance plan
Disease category
Non- Cigarette Non-

smokers of smokers smokers of Cigarette

cigarettes cigarettes smokers
Fatal myocardial infaretion_ ... ____ 10 2.4 1.0 2.1
Non-fatal myocardial infarction.____ 1.0 2.3 Lo 1. 8
Angina pectorie___.____________.___ 1.0 1.1 1.0 1.7

Sourck: Second Report of the Combined Experience from Albany and Framingham Studies (30). Un-
published Data from Health Insurance Plan Study (100).

The association of cigarette smoking to angina pectoris is not a con-
sistent one. A. clear-cut association was found in the Health Insurance
Plan Study (ratio of 1.7) ; a similar association is also found in un-
published data from Framingham considered separately. However, no
association between cigarette smoking and the incidence of angina
pectoris was found in the Albany experience. Cederlof (19), in his .
analysis of prevalence data on angina pectoris obtained by question-
naire, found no statistically significant difference in prevalence rates
between 458 monozygotic twin pairs with dissimilar smoking habits.
In a larger study of about 9,000 persons from the twin register where
genetic factors were uncontrolled, Cederlof (19, 20) did find a sig-
nificantly higher prevalence of angina pectoris among smokers than
nonsmokers, particularly in men (ratio of 1.6) (67).

Friedman (42) and Epstein (36) have clearly described the in-
herent biases in prevalence studies which may lead to findings of risk
gradients that are different from those obtained in prospective inci-
dence studies. One of these limitations is that fatal cases are under-
represented in a prevalence survey. Thus, since it appears that cigar-
ette smoking is more closely related to the incidence of fatal myocar-
dial infarctions than to other forms of coronary heart disease, it is ex-
pected that morbidity ratios derived from prevalence surveys would be
lower than those computed from incidence data. With these restrictions
in mind, Russek (83) in a survey of 12,000 men in 14 occupational
groups found that the morbidity ratio of coronary heart disease preva-
lence among cigarette smokers was as high as 1.8. In contrast, in a study
of 77 identical and 89 fraternal twins in Sweden, comparing smokers
with their respective nonsmoking twins, Lundman (67) reported no
excess prevalence of overt or silent coronary heart disease. However,
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the prevalence of these conditions, as Lundman concluded, “was too
low to permit of definitive conclusions.”

CarpiovascuLar RESPONSE To SMOKING AND/or NICOTINE

As noted in the Surgeon General’s 1964 Report, nicotine has definite
physiologic effects on the cardiovascular system of experimental ani-
mals and of man. These include increases in heart rate, systemic arte-
rial pressure, cardiac output, stroke volume, and velocity of myocardial
contraction, all resulting in an increased myocardial tissue oxygen
demand (16). Coronary blood flow studies will be reported in the next
section under a separate subheading. These effects parallel those ob-
served with catecholamines (epinephrine and norepinephrine). The
effects can be blocked by the injection of tetraethylammonium chloride
and markedly reduced by adrenalectomy (22). Nicotine has been re-
peatedly shown to release endogenous catecholamines (67, 68, 569, 60,
102). However, the mechanism by which nicotine affects the cardio.
vascular system is more complex than the release of catecholamines
from the adrenal medulla. Direct and indirect (via the carotid body
and other chemoreceptors) stimulation of the vasomotor center, stimu-
lation of sympathetic ganglia, release of norepinephrine from local
stores, and release of antidiuretic hormone are included among other
postulated mechanisms of action involved in nicotine’s effect on the
cardiovascular system (16,63, 85).

Coronary Blood Flow in Normal Subjects

The action of smoking and/or nicotine on the coronary blood flow
of normal human subjects has not yet'been definitively established, but
apparently normal subjects can increase their coronary blood flows
sufficiently to maintain a compensatory blood supply to the myocar-
dium despite the increased myocardial tissue demand for oxygen
caused by cigarette smoking. Earlier findings of increased coronary
blood flow in normal men, in response to cigarette smoking (11), were
not reproduced in a more recent study (76). In this latter study, al-
though a trend towards a slight increase in coronary blood flow was
observed in the particular normal persons studied, it was not
significant.

Direct injection of nicotine into the left coronary artery of dogs un-
der conditions of constant flow rate resulted in increased coronary vas-
cular resistance (38, 64). This response could be reduced by vagal nerve
stimulation or prior adminstration of acetylcholine; an immediate in-
crease In cardiac contractile force was also observed that could be
similarly reduced. It was concluded that these responses to nicotine
resulted from sympathetic nervous system activity or from the release
of catecholamines by myocardial chromaffin tissue (64).

Blood from the smoke-exposed lung tissue of dogs, directly perfused
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into the coronary artery, failed to increase coronary resistance (38).
This effect was thought to be secondary to that of histamine, known
to act as a coronary vasodilator, which apparently is released from the
lung tissue of dogs during their exposure to smoke (8).

When blood from the smoke-exposed lung was perfused through
the systemic circulation of dogs while the coronaries were being
perfused with non-smoke-exposed blood, the typical release of cate-
cholamines occurred with many of the usual effects on cardiovascular
parameters except that the coronary vascular resistance increased
under these experimental conditions, apparently due to the increased
activity of the sympathetic nervous system (38).

Since it is well known that exposing dogs to cigarette smoke without
isolating and separately perfusing the coronary circulation normally
results in an increase of the coronary blood flow (38), the manipulation
of experimental conditions as described suggests that there is a
masking effect by the catecholamines on nicotine’s direct action on
the coronary circulation (38).

These studies may relate, by analogy, to humans and indicate that
smoking, in “normal” individuals, may produce at least two actions
that can affect coronary blood flow: (1) a decrease in coronary blood
flow by a possible direct action of nicotine on the coronary circulation
(demonstrated in dogs), and (2) an increase in coronary blood flow
as the usual resultant of varying responses to the intermediating
action of catecholamines and other physiologic processes (demonstrated
in both animals and humans).

Coronary Blood Flow in Subjects with Coronary Heart Disease

The effect of cigarette smoking on coronary blood flow was studied
in patients with coronary heart disease (79). As was seen in normal
subjects, significant increases in heart rate, arterial pressure, and
cardiac output were noted. In contrast to the normal individuals
studied, patients with coronary heart disease distinctly showed a
much less significant compensatory increase in their coronary blood
flows. These results were confirmed by a later study (I6), using the
Rubidium 84 method to estimate coronary blood flow. This study also
showed that in the coronary patients studied, there was no adequate
compensatory increase in coronary blood flow to meet the increased
myocardial tissue demand for oxygen. Coronary blood flow appar-
ently decreased as a result of cigarette smoking, in this particular
study group of coronary patients. Although the decreases noted were
not marked, they were statistically significant, and indicated that a
difference existed between these coronary patients as compared to the
normal subjects studied.

A difference in the coronary blood flow response to nitroglycerine
has also been demonstrated in normal subjects compared to subjects
with coronary heart disease. This was shown in studies using the
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nitrous oxide (18, 44) and the Rubidium 84 (/5) methods to measure
coronary blood flow. In response to nitroglycerine the normal indi-
viduals generally increased their coronary blood flow significantly,
but the coronary patients generally did not.

Animal studies have also demonstrated the decreased ability of
atherosclerotic coronary arteries to increase coronary blood flow, as
compared to the coronary arteries in normal animals (94). Dogs with
experimentally produced coronary artery insufficiency also show this
decreased ability (72). Similar differences between animals with nor-
mal coronary arteries as compared to atherosclerotic coronary arteries
have been demonstrated in response to ergonovine (80).

The above studies indicate that the effect of nicotine upon the car-
diovascular system, mediated in part by the action of released catechol-
amines, is generally to increase heart rate and cardiac output, and to
raise systemic arterial pressure temporarily. Findings concerning the
effect of nicotine on coronary blood flow are presently thought to be
largely due to the indirect effects of nicotine upon the cardiovascular
system. Other animal studies indicate that there may be a direct action
of nicotine on the coronary vasculature to increase coronary vascular
resistance, thus tending to reduce coronary blood flow. There are no
human studies on the direct action of nicotine by itself on the coronary
vasculature; such studies, involving the direct injection of nicotine
into diseased human coronary arteries, might be dangerous. Normal
individuals apparently can increase their coronary blood flows to com-
pensate for the increased myocardial tissue oxygen demand, but ap-
parently some patients with coronary heart disease cannot, as shown
by their response to smoking.

Thus some patients with coronary heart disease may be at a par-
ticular disadvantage when smoking and under other stresses since
their coronary arteries apparently cannot dilate to supply blood flow
adequate to meet the increased oxygen demand associated with nico-
tine-induced catecholamine release. The interaction of the above ef-
fect with recent findings concerning carbon monoxide, described in
the next section, may be especially important in those individuals with
coronary heart disease. The present studies indicate that the effect of
cigarette smoking on coronary blood flow, in the presence of pre-
existing coronary heart disease, may, in part, contribute to the in-
creased incidence of acute myocardial infarctions that have been
observed to be associated with cigarette smoking. No relationship be-
tween the smoking effect on coronary blood flow and the pathogenesis
of coronary atherosclerosis per se is presently suggested. Additional
research is needed.

Carbon Monoxide Effect

The gaseous phase of cigarette smoke contains about 4 percent car-
bon monoxide. This quantity can increase the levels of carboxyhemo-
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globin saturation of cigarette smokers from 2 percent to 10 percent
(21). The average nonsmoker, depending on environmental exposure,
usually has less than 2 percent carboxyhemoglobin saturation (Z0).
Since smokers of one pack or more a day may have chronically elevated
carboxyhemoglobin levels of more than 4 percent (9), there may be
appreciable differences in the carboxyhemoglobin levels between some
heavy cigarette smokers and nonsmokers.

In addition to displacing oxyhemoglobin, carbon monoxide effects a
chift in the oxygen-hemoglobin dissociation curve (2,3, 4 6, 6). This
may result in a decreased release of oxygen at the tissue level. A series
of studies (67, 62) has been performed on young adults to analyze
the effect of cigarette smoking on carboxyhemoglobin levels, and the
consequent effect on some parameters of cardiopulmonary function.
An increased post exercise oxygen debt was observed after cigarette
smoking as compared to controls. This, in part, may reflect not only
ventilatory disturbances but also a decreased supply of oxygen in
the blood due to the carbon monoxide effect, resulting in less available
oxygen to meet the increased tissue demand. Similar post-exercise
oxygen debts have been noted after inhalation of enough carbon
monoxide to produce comparable blood levels of carboxyhemoglobin

21).

( T)he consequence of the smoking/carbon monoxide effect appears to
be especially important in the myocardium where relatively more
oxygen is normally extracted from the coronary circulation as com-
pared to other organ systems. (Coronary venous blood usually has
an oxygen saturation of less than 25 percent, whereas blood leaving
some other organs is about 75 percent saturated with oxygen (46).)

Dogs were exposed to carbon monoxide to elevate their carboxy-
hemoglobin saturation levels (9). In response to inhalation of carbon
monoxide there was an increase in coronary blood flow but a decrease
in coronary arterial-venous oxygen differences. Patients with coronary
heart disease were also studied following inhalation of enough carbon
monoxide to elevate their carboxyhemoglobin saturation levels to the
range of 5 to 12 percent (9). In response to carbon monoxide there was
generally an increase in the cardiac output and the coronary blood
flow in most of the patients. While the systemic arterial-venous oxygen
differences varied, either increasing or decreasing, the coronary ar-
terial-venous oxygen differences decreased, indicating a decreased
oxygen extraction by the myocardial tissue despite the myocardium’s
increased demand for oxygen. These decreases in myocardial oxygen
extraction are related to increases in the carboxyhemoglobin satura-
tion levels. It was observed that some patients evidently could com-
pensate by increasing their coronary blood flows adequately to supply
the myocardial tissue with sufficient oxygen, as indicated by a rise in
myocardial oxygen uptake in these individuals. However, the other
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patients with coronary heart disease, evidently more severe, could not
increase their coronary blood flow rate enough to compensate for the
decreased oxygen carried by the blood. This latter group of patients,
even though they had increased cardiac output, had less significant
increases of coronary blood flow than those noted in the first group
of patients. The coronary arterial-venous oxygen differences and the
myocardial tissue oxygen uptakes both decreased, indicating that the
myocardial tissue oxygen demand was not being met entirely.

The reduction in the amount of oxygen available to the myocardial
tissue caused by the absorption of carbon monoxide from tobacco
smoke may be especially critical in persons with pre-existing coronary
heart disease, especially when they cannot significantly increase coro-
nary blood flow to compensate for increased myocardial tissue oxygen
demand. The carbon monoxide effect may, in part, contribute to the
increased incidence of myocardial infarctions that occur in cigarette
smokers. Additional research is needed.

Studies on In Vitro Thrombus Formation

Recent studies have indicated that cigarette smoking may accelerate
thrombus formation of human blood in vitro. Platelet adhesiveness,
as measured by ¢n vitro tests, also appears to be increased by cigarette
smoking (1, 43, 71, 87). Other studies, comparing smokers with non-
smokers, indicate that the platelet survival time of the smokers is
shortened (73) and the platelet turnover rate is increased (72). Studies
of animals show there is also an increased tendency for the platelets
to adhere to the vascular endothelium.

Platelet adhesiveness is reported to be increased in in vitro studies
using the Chandler rotating loop (32, 23, 34) ; these studies generally
show a consistent acceleration of the rate of thrombus formation.
Other én vitro tests show changes in thrombus formation and some
parameters of coagulation as a result of smoking (56, 66, 87). How-
ever, problems in experimental design and the multiplicity of tests
used, measuring either the same or overlapping portions of the com-
plicated coagulation process with varying results, cause difficulty in
evaluating these results (77).

The mechanism of changes in characteristics of the platelets in
smokers is being investigated, but there are indications that the release
of catecholamines, especially epinephrine, caused by the absorption
of nicotine during smoking may be intimately involved (77, 72). In
small doses, epinephrine has been shown to promote thrombus forma-
tion and coagulation, but in large doses it inhibits these processes.
Changes in the electrical charge of the platelet membrane have also
been implicated in increasing platelet adhesiveness (101), increasing
adherence to the vascular endothelium, and accelerating thrombus
formation as measured by the Chandler loop method. Some of the
alterations in thrombus formation may be mediated by an interaction
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with serum-free fatty acids and cholesterol (70) but current evidence
suggests that inhalation of cigarette smoke acts primarily through
other independent factors (01). Thus, cigarette smoking may cause
an acceleration of the én vitro thrombus formation of human blood. It
is reasonable to suspect that cigarette smoking, in part by affecting
the thrombus-forming process in human blood, may account for some
of the excess coronary heart disease deaths that occur in cigarette
smokers, especially some of the deaths certified as “acute coronary
thrombosis.” Further research is necessary before any definite con-
clusion can be made.
Avuropsy STUDIES

The two most significant pathological studies of the relationship of
smoking history to atherosclerotic changes in human coronary arteries
have been reported by Auerbach and Strong. Auerbach (7) studied
1,372 males for whom a smoking history was available and who had
died of causes other than coronary heart disease. He found that the
percentage of men with an advanced degree of coronary atherosclerosis
was higher among cigarette smokers than among nonsmokers, and that
the percentage increased with amount of cigarette smoking. Both
among smokers and nonsmokers the percentage of men with advanced
coronary atherosclerosis also increased with age. This relationship
held up even when the following were excluded: men with a history
of diabetes, men who had died of any type of heart disease, and men
whose hearts weighed 400 gm. or more. A matched set analysis was
also carried out (reincluding some diabetics and heart disease deaths)
and again the percentage of men with advanced coronary<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>